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PRESENT KNOWLEDGE OF THE SUN. 





W. W. PAYNE 


The interest in the study of the Sun and the observation of it 
were never so great and so varied as they are at the present time. 
A large number of amateurs with small telescopes observe the 
Sun daily when possible, and with pencil or crayon sketch the 
spots and faculz on the projected image for useful records. Ob- 
servers provided with apparatus suited to solar photography, on 
every clear day, get pictures of the solar surface that show spots, 
some faculze and somewhat of the granular structure, if the ex- 
posure is short enough and well-timed for light and atmospheric 
waves. 

But the most unique and probably the most suggestive mode 
of photography yet applied to the Sun is that which is known as 
the spectrographic method. The instrument for this kind of 
work was invented by Professor Hale and M. Deslandres almost 
simultaneously. Its chief working part is the double slit by 
means of which solar pictures may be taken in monochromatic 
light given by any particular chemical element in the solar spec- 
trum that has actinic power enough todo the desired work. Cal- 
cium light is intensely strong in the photosphere and the chromo- 
sphere of the Sun. This light also has abundant actinic power 
which is highly efficient in photographic effect; consequently it 
has been chosen, in recent years, for spectrographic pictures of 
the Sun and its surroundings with new and remarkable results. 

If photographs of the Sun are taken in the ordinary way, even 
when the telescope is corrected to a photographic focus, the fac- 
ulz appear on the negative only in the regions of spots, or in 
places of unusual solar activity, or near the limb of the Sun. But 
the fact that they appear so generally along the edge of the Sun 
led astronomers to believe that they were common to all parts 
of the surface, but that the glare of the stronger light in the cen- 
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tral regions covered them upso much that ordinarv photography 
could not get them. 

By the spectrographic method pictures show faculze not only 
all over the solar surface at the same time, but they also easily 
and clearly distinguish those portions of the photosphere where 
the greatest solar activity is going on. By this new method it is 
also possible to photograph the regions of the chromosphere in- 
cluding the prominences, as they appear on the limb of the Sun 
throughout its entire circumference, all at once,so that a momen- 
tary condition of the Sun and its surroundings may now be ob- 
tained to a degree of detail that is wonderful, and that has been 
hitherto wholly impossible. From this brief description it should 
not be inferred that the new instrument is entirely satisfactory, 
or that it can not be improved, or that its possibilities have been 
reached. On the contrary it is more probable that only the begin- 
ning of its usefulness has yet been made. Other of the varied uses 
of photography, as a present means of obtaining knowledge of 
the Sun will appear later on, in connection with the consideration 
of some of its prominent features that now occupy the attention 
of astronomers in different parts of the world. 

The oldest, most important, and most difficult of the problems 
which the study of the Sun furnishes isits distance from the Earth. 
That distance is called the unit of distances in the solar system, 
as the mile is regarded generally the unit for terrestrial distances. 
This solar unit is commonly found by obtaining, in many differ- 
ent ways, the parallax of the Sun itself, or that of some one of 
the planets favorably placed in regard to the Sun and the Earth 
for precise observations of its own position among neighboring 
stars. Formerly the planets Venus and Mars were chosen for 
this kind of work; but the irradiation and the brightness of the 
former and the phases of both have made results uncertain to an 
unsatisfactory degree. In the latest work some of the minor 
planets have been preferred, notably that of Eros, because of 
nearness to the Earth and its star-like disk for exact observation. 
The two, independent and rival methods in this instrumental 
field of severe requirement are, the visual telescope with the mi- 
crometer, and the photographic telescope with the sensitive plate- 
The large, visual telescope and the micrometer in the hands of 
experienced observers will doubtless give results in the work on 
Eros that will command great confidence, if instrumental errors 
shall be cared for completely and most rigorously. But the pho- 
tographic method is yet too new for any one to say much about 
it, in the way of foretelling the degree of accuracy to be looked 
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for in final results for parallax. Those who have depended on 
this method entirely, are in a position somewhat like the astron- 
omers who first tried the sensitive, photographic plates in the 
total solar eclipse of 1889. Because such plates had not been 
before exposed in total eelipse shadows, no one knew how to time 
them very certainly, especially since the shadow is a very variable 
quantity anyway; so, as was thought probable, this first photo- 
graphic work was not very useful. The photographic work for 
the parallax of Eros will not prove weak in the same way it did 
in 1889, for astronomers know how to expose plates well and 
certainly, even in the trying circumstances of a varying eclipse 
shadow. No such troubl? arises in taking photographs of stellar 
regions now, but the main difficulty in securing negatives of Eros 
and its neighboring stars for measurement of place at known times 
ot exposure has been the identification of the faint planet and the 
chosen reference stars when the field was crowded with small 
stars. Another condition of uncertainty which some astrono- 
mers have felt in the work of preliminary reduction of the photo- 
graphs has been the use of different methods. The results ob- 
tained from these different methods are not identical, the differ- 
ence may be negligible apparently, and possibly, certainly so. 
That is the real question, for those that adhere respectively to 
the different methods claim one only is right, and the opponents 
have not yet shown to the satisfaction of all that the different 
ways involve only negligible error. If this had been done, there 
could be no real ground of discussion, and all uncertainty in this 
regard would disappear. 

In the March number of this publication Dr. H. C. Wilson con- 
tributed an extended article in which some of these points were 
considered, and the method of determining preliminary results 
for the parallax of the Sun, by the photographic method as ap- 
plied to the planet Eros, were quite fully discussed and plainly 
stated that the mathematics used might not prove a hindrance 
to popular readers. The result of this preliminary work, given 
in the last paragraphs of that article is 8’.802, the same as that 
obtained by Dr. Gill of the Cape Observatory in 1889, from heli- 
ometer measures of the asteroids Victoria and Sappho. This 
particular work by Dr. Gill has been rated by Professor Simon 
Newcomb, in comparison with eight other methods of determin- 
ing the solar parallax at 5 while the 


Parallax Weight. 
Motion of the Node of Venus..................c.000. (8’’".768) is 10 


) 
Parallactic Inequality of the Moon............... (8 .794) ** 10 
Miscellaneous Determinations of Aberration (8 .806) ** 10 
Pulkowa Constant of Aberration 20'7.492....(8 .793) ‘* 40 
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It certainly is not discouraging to have a preliminary result 
from a single station, come out apparently so well. If New- 
comb is right in his chosen weights for different methods of 
obtaining the solar parallax, the photographic method promises 
well for definitive results, unless some unforeseen trouble shall 
arise in the combination of many independent results from so 
many different sources. 

The next problem of engrossing interest that now confronts 
the astronomer is the constitution of the Sun. Professor C. A. 
Young of Princeton University, and author of Young’s series of 
text-books in astronomy, gave his opinion on the main features 
of that problem, in the leading article of the April number of this 
publication, page 221, Vol. XII. That statement has been so 
carefully prepared, and it so well summarizes, in the border land 
of fact, our present knowledge of the constitution of the Sun, 
that every interested reader will peruse it very thoughtfully; and 
because of it many will want more information in detail that 
supports such definite views which their author has expressed 
with becomingly modest reserve. Much information of this kind 
will be found in a recent book, titled, ‘‘Problems of Astrophysics,” 
by Agnes M. Clerke and published by Adam and Charles Black, 
of London, 1903. We do not know of any other single source 
for so much of such information, in the English language, as this 
remarkable book furnishes. It is written in popular language, 
and it presents preliminary results in astronomical work now in 
progress along the whole frontier line of solar science with such 
insight and fidelity, as to indicate rare practical judgment in 
weighing evidence for generalization, and in drawing conclusions 
which have theoretical value. 

In a brief survey of the field of present activity, it is an interest- 
ing study to notice the lines of progress in solar physics and the 
methods employed in pursuing them. It long has been believed 
that the key to the situation that will reveal much concerning the 
constitution of the Sun is a better and a fuller knowledge 
of sunspots, and systematic work in this direction has been 
in some degree successful during the last score or two of years. 
For we now know of the periods when sunspots are most and 
when they are least, and how these spotted regions curiously 
move, north and south, over the solar surface; we know of the 
relation of these spot periods to any similar magnetic activity on 
the Earth’s surface; we know of the apparent make-up of sun- 
spots, their changes, continuance and destruction, of the tre- 
mendous activity of the solar surface in regions about them and 
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something of the granular and facular structure of the solar sur- 
face generally; we know of the reversing layer, the smoke 
stratum, the chromosphere and the prominences streaming up 
from its upper regions, their constitution in part, and their evan- 
escent and changeful forms that tax the ingenuity of experts to 
copy or record in any definite way; we know of the rotation of 
this vast solar body; and we know something of the beautiful 
and that most: wonderful halo around the Sun, the corona, that 
flashes out in such richness of color, and in such variety and deli- 
cacy of form everywhere, when the Moon hides the face of the 
Sun in a total eclipse. 

This knowledge and much more like it in detail we know about, 
and we have it on record for the use of science generally. But 
there is infinitely more immediately connected with ail these 
things that we do not know. We do not know anything cer- 
tainly about the interior regions of the Sun, the state of the mat- 
ter therein contained, its mode of activity, its temperature, its 
relation to allthat great variety of surface phenomena within 
the range of human sight aided by the telescope; or to that array 
of physical conditions recorded by the spectroscope on the one 
hand, or to that which is revealed by the bolometer on the other 
in the vast and fruitful field that is uniquely its own in the more 
recent studies of the solar temperature. We do not know the 
‘ause or causes of the sun-spots, their periodicity, their drift, their 
level; why magnetic activity on the Earth should correspond 
with their own, where the reversing layeris exactly, and certainly 
what it is; why the facule and the prominences are everywhere 
on the Sun’s surface, and spots only in limited areas; what the 
solar corona is, how to observe it when the Sun is not eclipsed, 
the cause of its complexity and its matchless beauty, its extreme 
rarity and its broad extent,—these questions and others like 
them and still others beyond them that astronomers do not know 
anything of, except in vague suspicion, are waiting for answer 
in some distant future time. 

Before we close this brief sketch, we ought to refer to some of 
the splendid work that is now going on in different parts of the 
world to increase our knowledge relating to some of these ques- 
tions, and to indicate, as far as we can the degree of success that 
is being realized. 

The chemistry of the Sun is one of the most general and one of 
the most important branches of solar science that is now being 
prosecuted. Advance workin it began with the appearance of the 
Rowland photographic map of the solar spectrum. Something 
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of the appalling task that this map put on the shoulders of scien- 
tists, in the outset, is seen in the fact that Professor Rowland 
spent years in the measurement of its lines, and in so much time 
did not identify more than 20,000 of them, in place and atomic 
weight, in definitive way. If we remember that between the lines 
H and K, in the violet, there are 150 absorption lines to be meas- 
ured it is easy to see that a photographic map several hundred 
feet long would furnish work in this one particular almost end- 
less in amount. But still it is encouraging to know that the 
persistent work of Rowland and others have made certain the 
presence of thirty-nine elements in the Sun known to our terres- 
trial chemistry, which are represented in the solar spectrum by 
few or many lines, as the individual elements seem to be simple 
or complex in their molecular motions. One has only to think 
a moment about the elemental structure of iron to be amazed at 
a molecular condition that should make, in the solar spectrum, 
more than 2700 line coincidences, every one of which has sup- 
posedly a different meaning, and every one of which is probably 
necessary somehow to fulfil the office of iron in the natural 
world. 

From such facts as these any one can infer something of the 
scope of molecular physics opened to view by the spectroscope, 
and anticipate some of the difficulties to be met and overcome in 
every direction that safe and certain progress may be possible. 

It is then proper to ask how much really has been done during 
the last few years to unravel this maze of complexity in the inter- 
est of definite knowledge about the chemistry of the Sun? 

We think it is safe to answer that much has been accomplished 
by the aid of the modern powerful spectroscope whose work can 
now be recorded by the sensitive photographic plate. One gen- 
eral result from this source seems to be that leading spectroscop- 
ists are coming more and more to believe in the fundamental 
unity of the chemistry of the Sun and that of the Earth, which, 
if true, is a long step forward in the progress of the new astron- 
omy. 

Space now forbids that we speak more in detail of the solar 
spectrum, of the reversing layer, of new elements, more fully of 
the photosphere and its dusky veil, of some phases of sun-spots 
and their spectra, of the Sun’s rutation and of the solar cycle- 
Later we hope to do so. 





Kepler’s Attitude Towards Astrology. 





KEPLER’S ATTITUDE TOWARDS ASTROLOGY. 


F. A. TONDORF, S. J 


FoR POPULAR ASTRONOMY. 

Writers on matters exegetical and astronomical alike have often spent 
themselves in offering to the public what seems to them a plausible 
explanation of the star which guided the Wisemen to the crib of Beth- 
lehem. To sit in judgment on the success of their efforts would quite 
exceed the limits we have set for ourselves in the present paper. Suffice 
it to note that these writers, with but few exceptions, have all insisted 
that they found in the writings of the immortal Kepler sufficient evi- 
dence of a settled opinion. They bid us to recall that our scientist was 
a contemporary of, and in close communication with the celebrated 
Danish astronomer, Tycho Brahe. Now Tycho’s star of 1572 was, 
it is said, identified with the guide of the Magi. Hence they con- 
clude, with what logic we know not, that Kepler was in sympathy 
with this theory. Nor is this all. They appeal to Kepler's account of 
the star of 1604. October of that year revealed the presence of a new 
heavenly body within less than a degree of the planets Juniter, Saturn, 
and Mars, then in conjunction. Our Wurtenburg sage, informed 
by his assistants, Schuler and Brunowsky, of the appearance of this 
strange intruder, set himself to the task of filling out the pages of his 
astronomical record entitled Nova Serpentarii. Careful computation 
led him to the conviction that a similar conjunction had occurred in 
the years 747 and 748 A. U. C. Now this was just about the time 
of the first Christmas. What then was his conclusion? 
to anticipate others here by quoting Kepler’s own words: 
(i. e. of the Magi), which two years before had begun 
light, beat its way into the very neighborhood of the great 


We prefer 
“The star 
to shed its 
conjunction 
of Saturn, Jupiter, and Mars, in the thirty-ninth Julian year, and was 
in consequence very like to our modern visitor.”* We find him ex- 
pressing himself in like terms to Joannes Barwitius in a letter dated 
Prague, Sept. 6th, 1606. “It follows then that the star, which led the 
Magi to the crib of Christ, though preceeding the birth of Christ by 
two years, was on this account (i. e. the conjunction of the three afore- 


said planets) comparable to our star (i. e. the Nova Serpentarii.”) But 


the writers before referred to would have it otherwise. Not only, say 
they, did Kepler admit that there was a similarity, but he maintained 
that the two stars were identical throughout. We beg leave: to hint 


- * Kepleri Opera Omnia, Ed. Frisch, Vol. II. p. 709. 
(1) Frisch, vol. IV, p. 177. 
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at the reasons suggested by Dr. Ideler, an authority freely quoted in 
this connection. According to him, presumably because a miracle was 
ever to be taken as an impossibility, Kepler held that the star was 
naught save a natural phenomenon. Now the one tenable explanation 
of the marvellous effects attendant upon this sign lay in the theories 
of the Chaldean astrologists. Kepler then was ready to embrace it. 
Why? Because Kepler was a believer in astrology. That this last 
proposition is scarcely admissible is the object of the present paper. 
We are quite ready to admit that even to the day of Kepler, the terms 
astronomer and astrologer were synonomous. Babylonian supersti- 
tions still held sway. But we find little reason here why our “watcher 
of the skies”, should not have quit the beaten path. However, to do 
so absolutely would have been to jeopardize his position as mathema- 
tician to the imperial court. That he would have liked to do so, is 
not difficult to gather from his letter to Herwart, written on September 
gth, 1599: “Framing calendars and unfolding the horoscope are to 
me a veritable but necessary slavery. But of what avail would it 
be to me to forego it; a momentary freedom would but usher in a 
worse servitude. In order then not to forfeit my regular income, posi- 
tion and title, I accommodate myself to the folly of an inquisitive mob.” 
(2). 

In plying his art our diviner found himself, for the most part, the 
child of good fortune. A single instance will go to show this. Gen- 
eral Albrecht von Wallenstein, through the medium of a mutual friend, 
approached him for an account of his horoscope. Kepler’s prognos- 
tication tallied quite exactly with what afterwards took place (3). This 
will appear the more remarkable when it is remembered that the iden- 
tity of his subject was concealed from him (4). That Kepler had 
his days of failure too, is sufficiently attested by the following. A 
son was born to him Feb. 2nd, 1598. The father thus foresaw his 
future: “Constellationes largiuntur ingenium, nobile, corpus, digites, 
manus agiles, mathematiciset mechanicis artibusaptum. Luna in 
[l|k imaginativam vim fortem, industriam, suspicionem, tenacita- 
tem, ex utraque cure, profunde cogitationes, devotio, miseratio, 
tristitia—anmuetig.—Ascendens in | |© adjuvat illa, et cum lum- 
inosiore = australis inortu, pertinacem et indomitum significat et 
magna suscipientem.”’ (4) A letter under date of June 11th of 


(1) Ideler Handbuch der Mathematischen und Technischen Chronologie BD. 
II, S. 400 ss. 

(2) Frisch, vol. I, p. 

(3) Ibid, p. 390 ss. 

(4) Ibid, p. 386 ss. 

(5) Ibid, vol. VIII, p. 699. 
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this same year tells Maestlin the vanity of it all, for two short 
months after the birth of the child it died. (1). 

We are now led to ask whether Kepler was in sympathy with his 
science. This we can hardly believe of one who was forced into it 
by purely mercenary motives. We have seen above that he was actu- 
ated by such motives, but it may not be amiss to enter on the subject 
here. In the year 1601 Tycho Brahe succeeded in persuading the Em- 
peror Rudolph to assign him as assistant, Kepler, whose duty it became 
to prepare a new set of astronomical tables, to be known as the Ru- 
dolphian Tables, intended to supercede those calculated upon the 
Ptolemaic and Copernican systems. His Majesty had pledged him- 
self to meet all the expenses of the undertaking, and Kepler, to whom 
was alloted the task of examining the observations of Mars, threw 
himself heart and soul into the work. The untimely death of Tycho 
suspended matters, and from this on Kepler found himself in financial 
straits. Humiliating though he found it, he was forced to betake 
himself to casting nativities, in order to eke out for himself and his 
family the means of subsistence. He excuses himself in a note to 
Wacker, saying that he considers this a far more becoming occupa- 
tion than that of a mendicant. (2) A man of his intellectual attain- 
ments could not but see, from the very outset that he was treading on 
dangerous ground. He was not blind to the fact that a guess at its best 
must remain a guess; and so, lest his reputation should suffer early 
shipwreck, he was always careful to append some saving clause to his 
prognostica. In the light then of the above are we to interpret the 
motto sent his friend Eckhardt : 

‘Freund Echardt, lasz das Kliigeln sein, 
Witz ist Frau Furwitz Tochterlein, 
O Sorgen gross, O Niitzen Klein.’’ (3)* 

Wonderful, indeed, was the transformation which a few years of 
practice effected in him. Diffidence gave way to confidence, infal!i- 
bility in his predictions superseded mere conjecture. Sharp rebuk. 
is the lot of those who dare to question the trustworthiness of his au- 
guries. Witness hs letter to the worthy astronomer Fabricius: “O 
you poor, unfortunate son of man! Have my prophesies so far failed 
to dispel your fears that you seek refuge in prayer to ward off the mis- 


fortunes which you fear may steal upon you?” (4) 


(1) Ibidem. 
(2) Frisch, vol. VIII, p. 845. 
(3) Ibid, p. 348. * Echardt, pry not into mystery, 
Knowledge born of curiosity 
Brings much care and little good to thee. 
(4) Frisch, vol. I, p. 356. 
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Now whence this confidence, may we ask? Are we to take it as the 
product of a more mature judgment? This we could readily admit, 
were we not in consequence brought face to face with difficulties which 
such passages as the following suggest: “Astrology is in very truth 
the foolish Ittle daughter of Mother Astronomy” (1): “Your error 
is one common to the greater part of the school of doctors, who fancy 
that fortunes drop from the skies. Naught comes hence save light” 
and “you will find no wife among the stars’(2). The reason then 
is to be sought for elsewhere. Cato it was, we think, who is said to 
have wondered how two Roman augurs could meet without smiling 
at the credulity of those who consulted them. Had he lived in Kep- 
ler’s time his wonder would have ceased in presence of the fact, for even 
Kepler laughed in his sleeve at the ease with which his patrons were 
duped. “I know not a few,” he writes, playfully, ‘“‘who buy all kinds 
of calendars to find in one that on a certain day fair weather, on another 
a storm is predicted. Let the elements fetch whichever they will, one 
must be correct. In following up such humbugs they find their daily 
pleasure.” (3) Like passages could be quoted without end. I con- 
tent myself with one more which will go to show not only that his 
clients were duped, but that they were parties to the fraud, if so it may 
be styled. Zehentmeyer, secretary of Baron von Heberstein, thus ad- 
dressed himself to Kepler: ‘You are a man busied in scientific inves- 
tigation and in reading the future in the stars. Please inform me 
whether those heavenly bodies indicate anything in particular regard- 
ing this section of the country.. The Baron, my dear Sir, is extremely 
anxious to give you, a man of such authority, a say in this matter. I 
am far from ignorant of your conviction that nothing can be foretold 
with certainty, in fact that the science of astrology is a vague and 
treacherous art. However, you know how man hankers after news, 
and how he would have nature forewarn him of the future. I pray 
you then send me something! Harbor no fear: what you remit shall 
be considered strictly confidential.” (4) 

Supposing then that a reason may be found for Kepler’s’ attitude, 
must we still admit that he played the part of a hypocrite? The ques- 
tion deserves consideration. There is a familiar principle, which reads: 
“Scienti et volenti non fit injuria,” i. e. if a man is aware of wrong you 
do him and consents to it, you do him no injustice. Again, our scien- 
tist anticipated little harm from his equivocal divinations. Indeed, 
(1) Ibid, p. 560. 

(2) Ib. p. 385. 
(3) Id. vol. VII, p. 697. 
(4) Frisch, vol. VIII, p. 712. 
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when he suspected that such might happen, he took particular care to 
express his mind freely. Accordingly he placed an interdict against 
the use of astrology in the imperial council. (1) 

We rest the case here. Should our demonstration fail to convince 
the readers of Popular Astronomy, at least they will find in our article 
serious objections against the charge that Kepler was a sincere believer 
in astrology. 





JESUIT ASTRONOMY. 





WILLIAM PF. RIGGE, 8. J 





ParT II. CONTINUED. 

Granada, Spain.—A very fine observatory was erected two 
years ago in the outskirts of Granada, among the mountains and 
under the pure sky of Andalusia, at an altitude of about 800 
meters (2600 feet) above the Mediterranean. It is built of brick 
trimmed handsomely withstone in the Doric style of architecture. 
It consists of a central portion surmounted by a dome 8 meters 
(26 feet) in diameter, built by Mailhat, and four wings. The 
northern wing is the entrance or vestibule, the eastern contains 
the transit and photographic rooms and spiral staircase, the 
western the meteorological instruments, and the southern two 
private rooms for the observers, while the central space below 
the dome is devoted to the seismical apparatus. The equatorial 
has an aperture of 32 centimeters (12'% inches) and a focal length 
of 5.35 meters (171% feet). Outside of the objective is a “‘cat’s 
eye’ diaphragm which may reduce the aperture to 2 centimeters 
(%4 inch), and is operated from the eyepiece with an indicator 
dial. In order not to disturb the position of the micrometer, a 
mirror may be inserted into the tube near the eye end and the 
rays from the objective deflected into a side tube which carries a 
spectroscope of 12 prisms. One of the finders, which has an ap- 
erture of 10.9 centimeters (41% inches), may be fitted with a pho- 
tographic camera. There are also a meridian circle reading to 
seconds, a chronograph, a 16 and a 10 centimeter portable tele- 
scope, a good theodolite, an altazimuth by Salmoiraghi of 
Milan, a Silbermann heliostat, a Thollon prism combined with 
an Amici polyprism, a clock and a Roskell chronometer. The di- 
rector is Fr. Juan Granero, assisted by Fr. Ramon Martinez. 


(1) cf. ‘‘Himmel und Erde” 13 Jahrgang S. 207 ss. 
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Tortosa, Spain.—A large observatory is at present being built 
near Tortosa, on the eastern border of Spain and near the mouth 
of the river Ebro. Its main object will be the study of terrestrial 
magnetism, not only in itself, but also in its relation to other sci- 
ences. There are to be five principal and separate buildings de- 
voted to the several departments. Two of these will be reserved 
for magnetism, the third for electrical and meteorological, and 
the fourth for seismic apparatus of the latest patterns. A fifth 
building, which is in the form of a cross, is for the study of the 
Sun’s activity. The central part will contain a small equatorial 
for the observation of sun-spots and, also by means of an at- 
tached spectroscope, of the prominences. One of the arms of the 
cross will contain an Evershed spectroheliograph with two slits 
for obtaining photographs of the whole chromosphere. The sec- 
ond will have a photographic spectrogoniometer with a Row- 
land grating for measuring the velocity of the solar eruptions. 
The third arm of the building will house a transit and sidereal 
and solar clocks. The latter will synchronize all the registering 
apparatus in the entire observatory. The fourth wiil be private 
apartments for the observer. There will be in addition a polar 
siderostat, which may serve also as a coelostat. 

The observatory is about two kilometers distant from a steam 
railway. The absence of all electric railways and magnetic dis- 
turbances, and the purity of the sky augur well for the success of 
the work. A large house of higher studies near by will enable 
many Jesuit students to become acquainted with observatory 
work. The director is Fr. R. Cirera, who was one year in Stony- 
hurst and for six years was superintendent of the magnetic de- 
partment of the Manila Observatory, where he issued a large 
quarto volume on “‘E] Magnetismo Terrestre en Filipinas.’”’ He 
expects to have all the departments of his large observatory in 
running order by the end of 1904. He looks forward with high 
hopes to the total solar eclipse of August 30, 1905, for which the 
very favorable position of his observatory near the central line 
ot totality will give him most exceptional opportunities. 

Zi-ka-wei, China.—The Zo-sé Observatory, near Zi-ka-wei, 
about six kilometers southwest of Chang-hai, China, like the 
Manila Observatory, owes its reputation mainly to its meteoro- 
logical department. Fr. Dechevren, who was the director for 
many years, has won for himself a well-deserved name not only 
among the public in those parts, but also among technical scien- 
tific men throughout the world. He is now retired on account of 
age on the Island of Jersey in the English Channel, where he is 
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continuing his investigations in meteorology. His successor at 
Zo-sé, Fr. Chevalier, has distinguished himself in his astronomi- 
cal, no less than in his meteorological work, for in 1901 by 
unanimous vote of the commission of the French Academy, he 
received a prize of 3,000 francs for his publications in both of 
these branches. 

The Zo-sé Observatory is 25 meters in length. The lower floor 
contains Father Secchi’s great meteorograph. To the left is the 
library of 20,000 volumes with its numerous and valuable Chin- 
ese manuscripts, and to the right there are two laboratories, 
while the upper story of the central part of the building is de- 
voted to astronomy. Besides a small meridian circle there is a 
fine twin equatorial built by Gautier on the model of the inter- 
national photographic telescopes used in constructing the star 
charts. Each objective is of 40 centimeters (15.7 inches) aper- 
ture. The focal length of the photographic one is 6.87 meters 
(22.54 feet), making one minute of are equal to two millimeters 
of length on the plate, but the focal length of the visual objective 
is somewhat greater. Quite a number of photographs have been 
taken last year for the purpose of determining stellar parallaxes. 
A measuring engine has lately been acquired and begun work 
upon the plates. Father Chevalier is at present (January 7) alone, 
but is daily awaiting the arrival of an assistant. 

Tananarivo, Madagascar.—The observatory of Ambohidem- 
pona near Tananarivo (or Antananarivo) is the highest astro- 
nomical observatory in the world, being 1400 meters (4600 feet) 
above the level of the sea, whilst the next highest, the Lick Ob- 
servatory in California, is 1300 meters high. It was founded in 
1889. The observatory has the form of the letter E, and con- 
sists of four circular pavilions surmounted by domes. The three 
principal pavilions which form the main front, lie in the meridian, 
the central one having a diameter of 26 feet. It is equipped with 
a Rigaud meridian circle and an equatorial. There are also well- 
equipped magneticand meteorological departments. 

Fr. Colin is the director and had begun work ona star map 
when the war between France and Madagascar drove the Jesuits 
from the island. The observatory was plundered and demolished 
by the natives who imagined that on account of its high and 
commanding position it would be made a fortress by the enemy, 
and its instruments converted into engines of war. The friends 
of the institution succeeded in saving a few of the principal in- 
struments. The French had scarcely become masters again, 
when the stolen instruments werein part atleast returned. Later 
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on the restoration of the observatory at government expense 
was decreed. The French Academy has named Father Colin an 
Officier d’ Academie and de I’Instruction publique and a corre- 
sponding member of the Academy. He has rebuilt the observa- 
tory, and at the invitation of General Gallieni, is now engaged in 
determining the geographical position of the principal roadsteads 
or anchoring places on the southwest coast of the island. 

Quito, Ecuador, South America.—From 1870 to 1875 the 
Jesuits had charge of the government observatory. While they 
were equipping it with suitable instruments, the political disturb- 
ances which culminated in the assassination of President Garcia 
Moreno in 1875, drove them from the country. 





The following observatories I class as student observatories, 
their primary purpose being educational. 

Calcutta, India.—The meteorological astronomical observatory 
of St. Francis Xavier college was founded by Fr. Lafont who re- 
ceived some subsidy from the government. At the request of 
Marquis Dufferin, formerly viceroy of India and later British en- 
voy at Paris, he was raised to the rank of Officier d’Academie by 
the French government. He was also a Fellow of the University 
of Calcutta, and in 1880 received the medal of the Indian Star. 

The present directoris Fr. Francotte. He was one of a com- 
pany of nine Jesuits and ten assistants who, under the leadership 
of Fr. C. De Clippeleir, observed the total eclipse of the Sun of 
January 22, 1898, at Dumraon, Behar, India. Their instru- 
mental outit consisted of three photographic cameras of various 
focal lengths, a prismatic and a grating camera, and 3 and 4 
inch telescopes, a chronograph, etc. Their results were published 
in a book of 104 pages and 14 plates. 

Bulawayo, Rhodesia, South Africa.—A transit instrument lent 
by the Royal Astronomical Society of England, a clock, a set of 
chronometers and a chronograph form the nucleus of an observa- 
tory, at which Father Goetz intends to make observations of 
variable stars and extend Fr. Hagen’s Atlas to the south pole, 
as soon as he can secure the necessary telescope. The meteoro- 
logical and magnetic departments of his observatory are well 
equipped. The government has granted the site and given some 
financial aid. 

At Ona, Spain, the college of St. Francis Xavier has an 8-inch 
telescope furnished with 11 eyepieces, a 4%4-inch transit, several 
clocks, a marine chronometer, a sextant, etc. 

At Feldkirch, Voralberg, Austria, a 6-inch equatorial, well pro- 
vided with eyepieces and a spectrometer, will be mounted in the 
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course of the year. 

At Louvain, Belgium, there are an equatorial of 6 and a transit 
of 31% inches aperture, a theodolite, a clock, spectroscopes, etc. 

Oudenbosch, Holland, possesses a 4-inch equatorial. Fr. Stein 
has published the results of his series of observations for the 
variation of latitude made at Leiden from June 1899 to July 
1900. 

Puebla, Mexico.—The college of the Sacred Heart has a small 
transit and a 6\4 inch equatorial. 

Habana, Cuba.—The Colegio de Belen possesses a 6-inch Cooke 
equatorial, a projection apparatus for observing sun spots, a Me 
Lean stellar spectroscope, a Troughton theodolite, a sextant, 
and minor instruments. The best scientific attention of the col- 
lege, however, is centered in its excellent meteorological observa- 
tory, which is abundantly equipped with all modern instruments 
and has already won great distinction, especially under Father 
Vinez. 

At Woodstock, Maryland, there are a 3-inch equatorial, a 3- 
inch portable transit, a chronograph, clock, chronometer, sex- 
tant, etc. 

At Prairie du Chien, Wisconsin, trom 1884 to 1888 Fr. Hagen 
used a 3-inch equatorial under a 12-foot dome for observing vari- 
able stars. The results were published in 1901. 

St. Louis, Missour1.—The St. Louis University has no observa- 
tory at present, but at its former location from which it was 
driven by the encroachments of business in 1888, there were two 
domes* devoted to a small transit and a 6-inch telescope. There 
are in addition a 3-inch equatorial, a grating spectroscope, a po- 
sition micrometer, a reflecting circle, several quadrants, a clock, 
etc. 

Omaha, Nebraska.—Creighton University possesses a 5-inch 
equatorial, a 3-inch meridian circle reading to tenths of a second, 
a chronograph, a chronometer, an altazimuth, clocks, etc. 

St. Mary’s, Kansas.—St. Mary’s College has a 3'%-inch equa- 
torial. 

At Santa Clara, California, an 8-inch equatorial is permanently 
set upina garden under a house wRich can be rolled away on 
wheels. There are also a position micrometer and an unmounted 
4-inch equatorial. A meteorological department has more than 
run apace with the astronomical, and is well equipped. 

Montreal, Canada.—There is at present no observatory in Can- 


* Built in 1855. The University was founded in 1829 
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ada, but the interest taken in astronomy is evinced by the fact 
that Fr. Garaix, assisted by other young Jesuits, personally 
ground, polished, silvered and mounted in a 12-foot paper tube a 
20-inch mirror, the third in size in America.* 

Instrumental Inventions. 

In instrumental inventions the Jesuits have not been idle. I 
will call attention only to the most important ones. 

It is well known that experienced observers may differ as much 
as half a second or more in noting the exact moment at which a 
star crosses a thread in the telescope, and that even the estimate 
of the same observer is subject toconsiderable variations. Hence 
“one of the most important problems of practical astronomy 
now awaiting solution is the contrivance of some practical 
method of time observation free from this annoying human ele- 
ment, the personal equation, which is always more or less uncer- 


tain and variable.’’+ Two Jesuits have attempted solutions of 
the problem. 

The first was proposed by Fr. Braun of the Haynald Observa- 
tory, Kalocsa, Hungary.t The method consisted in moving a 
thread by clockwork with the same speed as that of the star to 
be observed, thus practically changing a moving object into a 
stationary one. When the thread had been accurately set upon 
the star by the micrometer and then the chronograph circuit 
closed by the observing key, the readings of the micrometer and 
of the chronograph determined the moment of the star’s transit 
across the thread and the distance of the latter from the instru- 
mental meridian. As Fr. Braun could not find a mechanic in 
Kalocsa to execute this design, and as circumstances did not al- 
low him to do it himself, this transit micrometer was never tested 
in actual practice. 

Repsold took up the same idea, but omitted the clockwork 
movement of the thread as too complicated, and substituted a 
movement by both hands. This proved to be unsatisfactory. 
Struve in Kénigsberg, probably not knowing of Fr. Braun’s idea 
and seeing only the Repsold form of the instrument, then rein- 
veated the clockwork attachment as an improvement, and tested 
its performance in an exterfed series of trials. Without wishing 

* The Scientific American, Jan. 24, 1903, gives the details of the process along 
with several illustrations. 

+ Young’s General Astronomy, first edition, 1888, page 77 

t Berichte von den Erzbischéflich—Haynaldschen Observatorium zu Kalocsa 
in Ungarn. Miinster i. W. 1886, page 163. 
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in the least to detract from the credit due to other inventors and 
experimenters, it is only proper for me to refer to Fr. Braun’s pri- 
ority in the matter. 

The second method of eliminating the personal equation in 
transit observations was devised by Fr. Fargis, of Georgetown 
College Observatory, in 1891 as an improvement upon the one 
with which Professors Pickering and Bigelow had been experi- 
menting. This method makes use of photography, and consists 
in pressing a photographic plate against the reticule, or rather 
against a plate of glass on which only one thread or line, the in- 
strumental meridian, is drawn, and that too only at its ends. 
The rays going to form the image of the star on the plate are in- 
tercepted by a light and narrow metal tongue attached to the 
armature of an electro magnet. As the clock breaks (or makes) 
the circuit, say for one-tenth of a second at every second, this 
tongue is raised for that interval, the star’s light falls on the 
plate and there makes an impression. The plate therefore will 
contain a series of dots one second apart, one or more, of course, 
heing omitted each minute for the sake of identification. When 
the transit is over, a flash-light outside of the objective impresses 
the instrumental meridian line on the plate, which then contains 
a self-recorded transit in its entirety. The microscope next meas- 
ures the position of as many star images as are desirable rela- 
tively to the fixed line, and furnishes in this way even the value 
of one revolution of its own screw. The performance of the pho- 
tochronograph in actual practice has verified all that was ex- 
pected of it, as may be seen in Fr. Hedrick’s discussion of the 
transits of 161 stars observed on 15 nights.* A unique 9-inch 
photographic transit, with photographic collimators, has been 
mounted for some time at the observatory. Circumstances have 
hitherto prevented its systematic use. 

The photochronograph has also been seriously tested in the 
zenith telescope. Three forms of this instrument have been used 
at Georgetown. In the first, set up in 1893, the telescope was 
floated on a basin of mercury. In the second, invented and used 
in 1894 by Fr. Algué, now director of the Philippine Weather 

sureau, two telescopes were mounted in the same tube with their 
objectives at the opposite ends and their foci coinciding. The 
light from one star of a latitude pair came directly through one 
of the objectives to the photographic plate, while that of the 
other was first reflected froma basin of mereury before passing 


* Photographic Transits of 161 Stars, Washington, 1896. 
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through the other objective to the opposite side of the same pho- 
tographic film. In this form, called the reflecting zenith telescope, 
a double rotating sector replaced the two separating occulting 
bars generally used, and even the instrumental meridian line was 
not drawn, as the knownseconds of the transits are sufficient for 
this purpose. 

The third form of zenith telescope was the usual visual one, ex- 
cept that the photographic plate replaced the micrometer and 
four zenith levels were used. This instrument made the first com- 
plete series of photographic observations of the variation of lat- 
itude. The work was begun by Fr. Rigge in 1895 and continued 
and finished by Fr. Hedrick. Unfortunately, it has been impos- 
sible to complete the reductions. 

Fr. Braun was one of the first to conceive the idea of the spec- 
troheliograph for photographing the whole Sun with its spots 
and prominences. He gave expression to his views in the Astro- 
nomische Nachrichten* as early as 1872, and in his Berichte of 
the Haynald Observatory, published in 1886, he added several 
improvements to his original plan. The principle of the method 
consisted in focussing the image of the Sun upon the slit of a 
spectroscope, rejecting the whole resulting spectrum except one of 
its most actinic lines, and allowing this line to fall through a sec- 
ond slit upon a photographic plate. As the first slit moved 
across the Sun, the second moved across the photographic plate 
and there built up the solar image by a succession of the same 
lines or chords which the first slit measured upon the Sun, these 
lines being interrupted at the corresponding places by spots and 
extended by prominences. Father Braun’s spectroheliograph 
was never constructed. Professor Hale, then at the Kenwood 
Observatory, was the first to actually construct a satisfactory 
instrument in 1891, which while differing in details, made use of 
the same principle. Professor Hale gives due credit to Fr. Braun 
for his idea in the Sidereal Messenger No. 96, June 1891. 


* No. 1899, and in Pogg. Ann. Vol. 148, p. 475. 


(TO BE CONCLUDED). 
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THE DETERMINATION OF SOLAR MOTION. 


MARY W. WHITNEY 


FOR POPULAR ASTRONOMY 


II. 


In my last paper I brought the problem of solar motion to the 
status reached about the middle of the nineteenth century. In 
1859 Sir George Airy, Astronomer Royal, read before the Royal 
Astronomical Society his celebrated paper ‘On the movement of 
the solar system in space.”’ He offered objections to the Arge- 
lander method, primary among them the necessity of assuming < 
point that was not known within twenty degrees or more. 
Therefore he proposed to treat the problem without such an as- 
sumption. As he says in the paper the method ‘consists in re- 
moving the primary geometrical motions from the apparent 
movements on a globe tothe real movements in space.’’ That is, 
Airy used the processes of analytical geometry instead of those 
of spherical trigonometry, and he made no assumption regarding 
the position of the apex. 

a Our figure represents two paral- 
lel systems of rectangular co-ordi- 
nates. F is a fixed origin and 
a“ denotes the position of the Sun 
° at the beginning of the adopted 
interval of time. S is its posi- 
a. Y tion at the end of this interval. 
FS, then, represents the direction 

Ps and amount of the sclar mo- 

tion, regarded as rectilinear. The 
x planes XY are parallel to the 
plane of the equator, and the axis of X is the line of equinoxes. 
Therefore the angle of elevation above the plane of XY is the 
declination of the body, and the angle which the projected dis- 
tance makes with the axis of X is the right ascension. The 
point cut in the celestial sphere by the line FS is the apex of 
the Sun’s way. Its right ascension NFM, and its declination 
SFM are our desired values. 








Let A and D denote these values. Further, let / denote the lin- 
sar velocity of the Sun, FS, and X, Y, Z the co-ordinates of § re- 
ferred to F. Then, 
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4 /cos Deos A 

x Icos Dsin A (1) 

Z, =ienaD 

Therefore, A D and / would be known, could we determine X, Y 
and Z. 





Let us now consider the system of which S is the origin, and 
for the present let us regard S as at rest. B represents any star 
whose distance from Sis d, and whose right ascension and dec- 
lination area and 6. If x, y, z denote its co-ordinates, we have 

x = dcosscosa 
v = dcosdsina (2) 
z=—dsinéb 
Suppose the star Bto move. All the values in (2) would vary, 
and these changes can be obtained by differentiation. 


dx = —dcos 6 sin ada — d sin 6 cos adé + cos 8 cos a dd 

dv= dcosécosada— dsin8sin add + cosdsin add (3) 

dz = dcos4dé + sin ddd 
By elimination, we find 

sina cosa 
cos dda —_ dx - dy. 
d d . 
a cos a sin 8 sin a sin 8 cos 6 
dé = — dx — dv + dz. (4+) 
d d : d 


dd = cosacos6dx + sina cos édy + sin 8 dz. 

The forms of equations (4) would in no wise change, if we re- 
gard S as moving from F to $, while B remains fixed. The varia- 
tions in the co-ordinates of B, dx, dy, dz would then be the X, Y, 
Z of (1), with opposite sign, if we suppose S moving toward B, 
as in the figure. . 

In reality, the observed proper motions da and dé are due to the 
combined motions of B and S. To express this, let us place 
dx = X’— X, dy = Y’ — Y, dz = Z’ —Z, where X’, Y’, Z’ denote 
the variations in co-ordinates due to the star’s own motion. 
Equations (4) then become, if we separate the parts arising from 
solar and stellar motion: 


™ sina ., cosa ., (cosa ., Gina —..\ 
cos 6 da - xX — \ | y’ — x | 
d d . a d / 
m cos asin 6 ., sina sind ., cosé, 
dé X + yY— 
d d d _ 
fcosé,, cosa sind x sin a sind y’ (9) 
\ d d : d 
dd = — cosacos 6 X — sinacos 6 Y — sin8Z + 


(cosa cos 6X’ -- sinacos 6 Y’ + sin 6 Z’) 
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The third equation is not required in the present treatment. I 
have developed it with others, because of its later significance. 

The left hand members of the first two equations are given by 
observation, since now da and dé are the actual motions in right 
ascension and declination. The right hand members involve X, 
Y and Z, whose values we seek, in order to determine A and D by 
(1). But they also contain X’, Y’, Z’, whose effects are quite un- 
known. A similar difficulty presented itself in the Argelander 
method, but it did not there find expression in our equations, 
since in that case we ignored the star’s own motion in construct- 
ing our figure. But the method of treatment is the same here as 
there. The terms containing X’, Y’, Z’ are regarded as accidental 
errors, to be eliminated by a least-squares solution. Therefore 
the final equations of Airy are: 


. sin 6 as cose ., 
COs 0 da X — \ 
d d ( 
. ecosasind ., sinasind., cosd, (6) 
dé = + _ 
d d d 


Every star involved in the discussion gives two equations of the 
form (6). Before we apply the principle of least-squares to these 
equations, we must decide what shall be done in regard to the 
distances, d. Some assumption must be made. We may adopt 
any one distance as our unit, in terms of which X, Y, Z and the 
] of (1) shall be expressed. But the ratios of the other distances 
to this unit must be assumed, until that day in the future when 
stellar parallaxes shall be well known. Airy selected the mean 
distances of first magnitude stars as his unit and adopted the 
ratios of W. Struve, referred to in my preceding paper. 

The least-squares solution of (6) will give the most probable 
values of X, Yand Z. These substituted in (1) will give A, D 
and /; lis, of course, expressed in terms of the adopted unit i. e. 
it is 5 the angular motion of the Sun as seen from the unit dis- 
tance. 

Airy applied his new method to 113 stars, whose proper mo- 
tions were large. I will group in a table at the close of my paper 
rarious values obtained by this and other methods. Airy’s 
method was immediately and generally adopted, and it has con- 
tinued the most favored process up to the present time. Only 
within the last few years have doubts of its efficacy found expres- 
sion. 

The modifications introduced since Airy’s first application, 
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have turned mainly on the treatment of distance. Astronomers 
have come to believe that magnitude is not a good test of dis- 
tance, because a larger knowledge of stellar parallaxes has shown 
that such a basis is not justified by actual values. If one exam- 
ines the table of stellar parallax, magnitude and proper motion 
given in the appendix of Young’s text-books, it requires but a 
glance to decide that, within the range of the table, proper mo- 
tion is a surer basis of nearness than magnitude. Therefore later 
astronomers have inclined to rest relative distance on proper mo- 
tion. Further, in some discussions the proper motions have been 
taken in groups, and a separate solution obtained for each group. 
I will give the results of such a treatment by Stumpe,* as this 
will bring out a point referred toin my last paper. This point 
was, that, if the effects of peculiar proper motion are not of the 
nature of accidental errors, the results may give some indication 
of this fact. Stumpe’s solutions by groups are as follows: 


: : ] 

No.of stars. Meanpropermotion. A. D. a 
I 551 0.23 287.4 42.0 0.140 
II 340 0.43 279.7 40.5 0.295 
III 105 0.85 287.9 32.1 0.608 
IV 58 2.39 285.2 30.4 2.057 


me — : , 
The values of d show the greater proximity of the stars of large 
; } 


proper motion. The values of Ado not contain greater devia- 
tions than we might expect. But the regular decrease of D for 
larger proper motion suggests a systematic error that cannot so 
sasily be disposed of. Herein may lie an indication, either that 
the method of solution is somewhere defective, or that our as- 
sumptions are not all correct. It may mean that the peculiar 
proper motions of the nearer stars are not to be treated as acci- 
dental errors, that is, that the nearer stars are bound together in 
some way by a common law of motion. Professor Porter of 
Cincinnati has treated the problem in this manner of grouping, 
and has obtained similar results. 

Several investigators, Schénfeld, L. Struve, Stumpe, Ristenpart 
and others have introduced into their discussions an assumption 
regarding a common motion among the stars. Additional terms 
are entered in Airy’s equations, based upon the adopted hypothe- 
sis. If this hypothesis is true, discrepancies will disappear, and 
the new unknown quantity which expresses the supposed motion, 


* Astronomische Nachrichten, No. 3000. 
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will evaluate in a consistent manner. Their results, however, 
have not justified the assumptions which have been made. It re- 
mains for the future to discover what law binds together the mo- 
tions of the stars, if such common motion exists. Professor 
Kapteyn of Groningen maintains that there is an inherent defect 
in Airy’s method, and that the inconsistences in declination of 
apex, as shown in Stumpe’s values, are to be attributed to that 
defect. He has himself proposed a new mode of dealing with the 
problem.* 

A recent determination of the apex, published by Professor 
Comstock of Washburn Observatory,; is of especial interest, be- 
cause it is based upon faint stars of the tenth magnitude, none of 
which have previously been employed for this purpose. Further, 
Comstock determines distance by a new empirical formula, de- 
vised by Kapteyn, which makes parallax a function of both mag- 
nitude and proper motion. Kapteyn deduced this formula from 
all available data, and it has been found to correspond remark- 
ably well with known mean values. The resulting apex-co-ordi- 
nates will be seen, by the table, to agree well with other deter- 
minations, although the number of stars involved was small. 

Before passing on to the spectroscopic investigation of solar 
motion, I will briefly describe a method suggested by Bessel, and 
revived in recent years by Kobold. In 1818 Bessel criticised the 
procedure of Herschel and proposed the following graphic 
method, as better suited to the conditions of the problem. 

Supposing proper motion to be wholly parallactic, the poles of 
all the great circles of proper motion would lie along one great 
circle, of which the solar apices are the poles. This great circle is 
called the parallactic equator. The data of observation give the 
positions of these poles. They will not lie on the parallactic 
equator, because errors of observation and peculiar proper mo- 
tion cause deviations, but they will group themselves about it. 
Bessel’s plan consisted in plotting these poles on a globe, and 
passing a great circle through them, in such a way as best to 
represent their general trend. If the parallactic equator is lo- 
cated, the apex is determined. Kobold has put this method into 
an analytical form, to which the principles of least-squares can 
be applied. In fact, the least-squares treatment is the analytical 
equivalent of passing a smooth curve through scattered points, 
whose scattering is due to accidental errors. Kobold’s right as- 

Astronomische Nachrichten 372 
+ Astronomical Journal No, 558. 
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cension accords well with other determinations, but his declina- 
tion lies much farther south. 

The spectroscopic investigation of solar motion leads us into 
quite another field. Proper motion, as we have regarded it and 
as we still define it, has no part in this discussion. Proper mo- 
tion is change in position on the celestial sphere. If a body is 
moving in the line sight connecting eye and body, or if the ob- 
server is moving in that line, there will be no change of position. 
Therefore proper motion is at right angles to the line of- sight, 
and this component of motion is the only one revealed by the 
astronomy of position. But the spectroscope reveals the radial 
component and no other. In this remarkable way do the old 
and new astronomy fit together. 

Icannot inthis place enter into any exposition of the princi- 
ples of astrophysics. I can only state that if a star is moving 
toward or from the observer, or the observer toward or from the 
star, a shift is caused in the lines of the star’s spectrum. For ap- 
proach the shift is toward the blue end, for recession toward the 
red. This shift can be measured with great accuracy in the pho- 
tograph, by comparison with the lines of terrestrial gases pho- 
tographed side by side with the stellar spectrum. The degree of 
refined measurement possible with the spectroscope transcends 
immensely that attainable in the astronomy of position. For 
the latter a mile must be a negligible quantity, because we expect 
errors of much larger size, but a mile a second with the spectro- 
scope tells its undeniable story. Further, this radial motion re- 
veals itself quite independent of distance. Is the luminous body 
ten miles away or is it millions of miles away, the shift of the 
line is the same for an equal velocity. 

The bearing of this line displacement upon the motion of the 
solar system is at once apparent. The displacement immediately 
measured is, of course, due to motion of the solar system, plus 
that of the Earth around the Sun, plus the motion of the star. 
The effect of the second motion, that of the Earth round the Sun, 
is easily eliminated, since we can compute the velocity of the 
Earth in any given direction at any given time. We can, as we 
say, reduce to the Sun. There remain, therefore, as in the astro- 
nomical problem, the star’s own motion and the Sun’s motion, in 
this case along the radius connecting the two. Considering the 
Sun’s motion only, it is plain that stars lying at the apices will 
have the largest shift of lines, those lying on the parallactic 
equator will show no shift, and those lying between will give dis- 
placements varying according to distance from apex. 
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Although the data of our problem thus spectroscopically con- 
sidered are so different in character from the data of astronomy, 
the mathematical solution takes us back to the group of equa- 
tion (5). The change in distance dd is the very datum given by 
the spectroscope. If the unit of time is one second, dd is the 
radial velocity per second of the star, plus the velocity of the 
Sun toward or from the star. The question of the star’s own 
motions must be dealt with here as in the astronomical methods. 
They are regarded as accidental errors. The equation furnished 
by each star is, therefore, 


dd = — cos a cos 6X — sin a cos 8Y — sin 82. 


The least-squares treatment of the whole set of equations gives 
the most probable values of X, Y and Z. Thence, as before, A, 
D anc /come from (1). Since, however, dd is expressed in miles 
per second, X, Y, Zand / will also be expressed in miles per sec- 
ond, i. e. as above stated, velocity is given at once by the solution 
without knowledge of distance. It will be noted that d does not 
enter in this third equation of (5). 

The spectroscopic method already supplies our most trust- 
worthy values of J. In time it will also afford excellent values of 
A and D. At present the number of stars available through 
their radial velocities is small. But several of our astrophysical 
observers are now engaged in a co-operative plan to bring into 
line, for this and other investigations, all the stars in the sky 
bright enough to record their spectra upon the photographic 
plate. 

I append a table of values. I will include recent determinations 
of A, Dand / by Newcomb.* He derives / from observed paral- 
laxes of stars, combined with their proper motions, by the use of 
the equation, p. 229, of my last paper. He obtains more than 
one value, and I will give that one, which he regards as least ef- 
fected by biassed selection of stars. His A and D are found by a 
discussion and combination of various determinations. The so- 
lar velocity is expressed in, miles per second. 


Investigator. A. D. qd ] Method. 
Herschel 245.9 40.4 0.75 

Argelander 259.8 32.5 Argelander 
O. Struve 261.5 37.6 0.34 ss 
Galloway 260.0 34.4 

Midler ~ 261.6 39.9 


* Astronomical Journal, No. 457. 
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1 
Investigator. A D. 7 ] Method. 
Airy 261.5 24.7 1.91 Airy 
Dunkin 63.7 25.0 0.40 < 
Bischof 285.7 48.5 \Argelander 
Bischof 290.8 $3.5 2.60 Airy 
L. Struve 273.3 27.3 0.34 on 
Stumpe 283.0 41.2 adupted value. 
Boss 283.3 44.1 1.97 
Porter 281.2 40.8 ‘** adopted value. 
Comstock 297 28 - 
Kobold 266.5 — 3.5 Bessel 
Newcomb 277.5 35 10.2m 
Vogel 206.1 45.9 11.6 Spectroscopic 
Campbell 277.5 20 12.4 - 





STEREOSCOPE APPLIED TO ASTRONOMICAL RE- 
SEARCHES.* 


G. VAN BIESBROECK. 


We have recently seen the stereoscope, an instrument old in prin- 
ciple, become, in skillful hands, an unexpected means of investi- 
gation. This modest apparatus, which seems rather to belong 
to the entertaining side of natural philosophy, suddenly appears 
as a new resource which promises to be fruitful in very varied ap- 
plications. It is based on one of the simplest principles, whether 
we consider the old stereoscopes of Wheatstone (1838), and of 
those of Brewster (1850), or the more perfect apparatus which 
dates only two years back and which is designated under the 
name stereo-comparator.+ 


. Let us recall how we see ob- 

(jp jects in nature. Let us sup. 

— ie pose an observer whose eyes 

° are normal, to be looking at 

(<:) any object whatever, as O, 

) Fig. 5, at a distance which 

Fic. 5. shall not be too great. Each 

eve being directed toward the point O, the two visual rays 

form an angle p, which is the parallax of the object. The ob- 

server must then turn the right eye C, a little to the left of its 

+ From Feb. No. 1904, Bulletin of the Astronomical Society of Belgium. 

Translated from the French by Miss I. Watson, Department of Modern Lan- 
guages, Carleton College, Northfield, Minn. 

+ These notes are taken froma series of articles published by Dr. Pulfrich in 


the Zeitschrift fiir Instrumentenkunde 1901 Nos. 8, 9, 1902 Nos. 3, 5, 6, 8, Berlin 
J. Springer. 
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normal position, the left eye C,, a little towards the right. It is 
the physiological effect accompanying the corresponding tension 
of the muscles of the eye which produces in us the idea of dis- 
tance, or, what amounts to the same thing, the sensation of re- 
lief. If O draws nearer, we feel that we must make an increased 
effort to follow it with the two eyes; on the contrary, if it recedes 
the eyes tend to take again a parallel position, and we perceive 
without the help of any other means that the distance is increas- 
ing. Yet the perception is limited for the naked eye; experience 
has proved that fora distance greater than 400 to 500 meters, 
i. e. about 450 metres, the eye becomes incapable of feeling the 
sensation of relief. For sucha distance the angle p is reduced to 
0.5, the normal separation of the eyes being 65mm. 
Then let us suppose that instead of looking at areal object two 
stereoscopic images j,, 1, are examined through two lenses, L,, L, 
placed betore the observer’s 
eyes C,, C, (Fig. 6); let us 
suppose at QO, is represented 
_---= any object whatever on the 
first image 4. This same 
object is found again at O,; 
for example, on 1,. If the 
two points O, O, are perfectly placed, the eye C, will see the object 
O, following the direction C, O,, while the left eye willsee the same 
object in the direction C, O,; the two impressions on the retina 
unite in one producing the illusion of a single object O, which 
would be situated at the intersection of the two lines C, O, and 
C,O,. If Ais the distance of the eyes, A' that of the two corres- 
ponding points O, and O,, the distance D at which the object O 
seems to be found in space, is obtained by: 
D—f A! Af 
, whence D 


D A A — A!’ 





indicating by f the distance of the two images from the eyes of 
the observer. The lengths f and A are constant for the same ap- 
paratus and the same observer: let us note that if the images in- 
clude several details for which the distance A! is the same, the 
different points will appear to be removed the same distance into 
space. If A'is greater, the corresponding point will appear ina 
plane more distant than the first. One can easily demonstrate 
this by arranging so as to vary the distance of A’; for this pur- 
pose let us represent the two corresponding figures O, O, by two 
points, one of which QO, is fixed and the other O, movable by the 
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aid of a micrometer screw. We seem to see but one point sus- 
pended freely in space; bringing O, nearerto O, it seems as though 
the point O traveled along the line O, L,and was approaching 
us; on the contrary removing O, further from O,, the point O ap- 
pears to us more and more distant on the same line. 

It is seen at once that this very simple arrangement may serve 
to obtain the distance of any object. Let us project the image 
of the points, which we have placed in the focal plane of the 
lenses, on the object examined; let us move the movable point O, 
until the virtual point O, which can be made to change by the aid 
of the micrometer screw, seems to be at the same distance as the 
object whose distance we are trying to find. This being done, 
the apparatus gives A', and knowing the constants of A, the dis- 
tance D is found from the relation given above. Such is the sim- 

male i ae ple principle of the 


dae stereoscopic teleme- 


ewe a " weld A ; ae ie ap- 
PA a ll o paratus construct- 

ee. eel ed inthis way would 
“Qi ee 7 necessarily be of very 
eal limited usefulness. 

Ss > - The distance be- 

Fic. 7. tween the eyes is, 


in fact, a very small base of operation for determining considera- 
ble distances. It was to meet this difficulty that Helmholtz 
invented his reflecting telemeter (1857), in which the course of 
the luminous rays is directed according to the following design 
(Fig. 7). 

The luminous rays come froma distant object O after having 
undergone two reflections by two groups of parallel mirrors, 
which adjusts them to the distance the eyes are apart. To the 
eyes the object O removed toa great distance will seem to be at 
the point O', the intersection of the two straight lines C, n, C, n,, 
along which the eye receives the luminous rays coming from O, 
and respectively parallel to the directions Om, and Om,, going 
from the object to the mirrors m, and m,. Everything takes 
place as if the observer’s eyes were themselves spread apart to 
the distance of the mirrors m, m,; in other words, the base of 
operation for perceiving the relief is multiplied by the ratio of the 
distance of the two mirrors to that of the eyes. Dr. C. Pulfrich 
of Jena has taken up this idea in his stereoscopic telemeter and 
made considerable improvement; instead of the simple mirrors 
of Helmholtz we find here two telescopes twice bent, whose eve- 
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pieces can be adjusted exactly to the distance of the eyes, and 
whose objectives are separated te a distance of one and a half 
meters, in the largest kind constructed by the firm of Zeiss. So 
that, if for simple vision the stereoscopic effect reaches to an es- 
timatedidistance of 450 meters, the new apparatus will extend 
to about 10 kilometers; in order to make it the most practical 
possible,movable points are not used, but a series of fixed refer- 
ences,—they are placed at the focus of each of the @ebjectives and, 
stereoptically combined two by two, they appear like a series of 
points, farther and farther removed and forming a scale of dis- 
tance. The distance is readimmediately by noting between what 
references any »bject seems to be. It is needless to insist upon 
the great advantage that one may gain from this apparatus es- 
pecially in topography. 

It is remarkable to be able to estimate distances of several 
kilometers with the aid of a base having a length of not more 
than one and a half meters, yet it is desirable to be able to de- 
termine still greater distances; for instance if it were desired to 
measure that of the shooting stars, or of taking measures of the 
aurora bore ilis, it is certain that the base ought to be 10 or 20 
meters at least in order to make the same conditions as for a 
landscape. And if one wishes to apply the same means to deter- 
mine the distances of celestial objects; Moon, planets, comets, 
even stars, the dimensions of the Earth itself would not be suf- 
ficient to furnish a proper base. 

To avoid this difficulty Mr. Pulfrich has constructed an ingen- 
ious instrument which he calls the stereo-comparator. (Fig. 8). 
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It serves the same purpose as the stereoscopic telemeter, but in- 
stead of making the measures on the object itself which is to be 
studied, operations are made on photographic images which are 
examined with the aid of a binocular microscope at a great dis- 
tance from the objective. If one should unite in an ordinary 
stereoscope the photographs taken with the help of two instru- 
ments whose optical axes are parallel and are at the distance of 
the eyes, one would evidently experience the sensation of projec- 
tion such as there is in reality. If the two objectives are sepa- 
rated farther, for instance up to one and a half meters, the com- 
bination of the two photographs will give rise to an increased 
relief just asin the telemeter. But nothing hinders us from in- 
creasing indefinitely, so to speak, the distance between the two 
positions from which are taken the views to be combined in the 
stereo-comparator. The photographic instruments are arranged 
with this purpose, as Fig. 9 indicates: in C the photographic 
chamber is supported by a mounting similar to that of a theodo- 

lite. It turns about a 
p’ horizontal axis, AA, to 

which is attached on the 

one side a graduated cir- 

cle L,, and on the other 

side a bent eye-piece OP, 








the axis AA can move in 
azimuth by rotation 
around a vertical axis V, 
a rotation whose am- 
plitude is read by the aid 
of a horizontal circle L,. 
A standard with three 
leveling screws and fur- 
nished with a level makes 
possible the setting of the instrument. In front of the 
eye-piece may be placed a Prandlt prism P, turning about 
the axis of the eye-piece and reflecting the luminous rays ata 
constant angle of 90° with the optical axis of the telescope. 
The observer placing his eye at the eye-piece O sights along 
the line PP’ perpendicular to the optical axis of the photo- 
graphic system, an axis itself determined by cross_ lines 
traced on a glass plate arranged in front of the sensitive plate. 
The two instruments are oriented so that at the focus of each 
eye-piece is seen the image of the prism covering the objective of 
the other eye-piece. When this condition is fulfilled, and the in- 
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clinations of the lines of sight to the horizon are the same,— 
their inclinations being read by the graduations R, of the circle 
L,—one is certain of obtaining two photographs on plates situ- 
ated in the same plane, perpendicular to the base used. The op- 
erations to be done on the stereo-comparator are of remarkable 
simplicity. According to conditions, one will make use of a sin- 
gle instrument placed successively at the two posts of observa- 
tion, or one will use two identical instruments operating simul- 
taneously. The first case will present itself when there is a rise 
of ground for instance, or again in stellar photographs; but here 
the parallelism of the optical axes during the two photographs 
will be obtained by using a fixed star asa guide. On the other 
hand the two instruments will be used when one wishes to ob- 
tain stereoscopic views of clouds, lightning flashes, shooting 
stars, etc. 

Let us now examine the stereo-comparator by the aid of which 
we shall study the plates obtained. Figure 10 represents the first 
style, such as was constructed by Dr. Pulfrich for plates 13 x 18 








em. The plates are 
P. P, oe ; 
+ arranged on an_ in- 


clined frame work in 
the form of a disk, and 
| they may be oriented 


Yi r oe i By in their plane or ad- 
ty ir 4, justed in two perpen- 
13+ dicular directions by 

lap a Is measurable amounts. 

C) C) A bent arm attached 

; to the top of the frame- 
Fic. 10 


_ work supports the op- 
tical part in front of the plates; it will be a reflecting stereo- 
scope when one wishes to judge of the plate as a whole; ora 
binocular microscope when one wishes to study the plates in de- 
tail and to take measurements on them. In the first case the 
course of the luminous rays is similar to that which takes place 
in the telemeter of Helmholtz. The arrangement of the binocular 
microscope is outlined in Fig. 10; O, and O, are the objectives, 
I, I, the eye-pieces of the two bent microscopes; R, R, represent 
the location of a system of lenses reflecting the images received 
from the plates P, P,. In the plane of the images p, p, a movable 
mark is changed by a micrometric screw m, which comes into 
play in the measure of distances. The binocular apparatus is 
necessary to determine this; but it is evident that it also furnishes 
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the two other co-ordinates, the height and the width of the ob- 
jects; then a single microscope may be used just as in the com- 
parators already employed for several years in measuring stellar 
photographs. 

We now have at our disposition an apparatus which presents 
advantages over all the means hitherto at hand. In the first 
place, the stereoscope wins for itself a very natural satisfaction; 
look for instance, at sucha view taken in the mountains at the 
extremities of a base of 45 meters. What striking relief! It is 
true, one does not realize in examining this picture the impression 
of grandeur that strikes the traveller going over the gigantic 
contorsions of the Alpine soil. By no means: one might rather 
imagine himself in the presence of a sculptured model, ona re- 
duced scale, reproducing with wonderful delicacy all the details 
of the surface. Evidently it can be used to reproduce in relief on 
asmall scale all the details of which stereoscopy has given evi- 
dence. . 

Then let us look at the photographs of the Moon; they are 
slides obtained by Messrs. Loewy and Puiseux and which have 
been combined in the stereo-comparator; they represent nearly 
the same phase of the Moon; but it is noticed that, in consequence 
of the well known phenomenon of libration, the satellite does 
not present to us exactly the same face. The whole appearance 
here is as if, the Moon remaining fixed, the observer had changed 
his position with regard to it, by an angle equal to the libration; 
at the distance which separates us from the Moon, this amounts 
to a displacement of about 100,000 kilometers in the case con- 
sidered. Then bringing together in the stereoscope the two 
images obtained at the extremities of a base of this length, a 
very clear sensation of the rotundity of our satellite is obtained. 
Much more, Mr. Pulfrich has been able, by the aid of the mov- 
able point in the field of the microscope, to trace on the curved 
surface of the Moon a series of lines uniting points at the same 
distance from the observer and to obtain a system of curves on 
a level, analagous to those traced on the geographical maps and 
enabling us to follow in detail the structure of the lunar surface. 

Let us examine inthe same way the two photographs repre- 
senting Saturn, including the mass of stars surrounding é Ophi- 
uchi. These two views taken by Mr. Wolf at the Heidelberg 
Observatory June 9 and 10, 1899, when examined by the stereo- 
scope give a legitimate surprise; the planet—with two of its sat- 
ellites even—appears freely suspended in space very far in front of 
the background of the picture formed by the group of neighbor- 
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ing stars, which seem, because of the immense distance, infinitely 
removed in the same plane. Figure 11 enables one to understand 


\ the effect: O represents 
iat | the Sun; T,, T,, 5, 5, 
e ' os respectively the po- 
I ——$< ts ea _ . 
aa (St sitions of the Earth 
, a 
; 11 and of Saturn on the 
Fic 11 9th and 10th of June 


1899, a period near the time of opposition. The first day the 
planet is seen in the direction T, $,; the second day it appears in 
the direction T,S,. The combination of the two views in the 
stereoscope produces the same effect as though one were looking 
at the planet with the right eye at T,, the left eye at T,, that is 
to say, as though Saturn were at S. 


In the direct view with the naked eye the base of operation is 
about 65 milimeters; in the stereoscopic telemeter this distance is 
extended to one and one-half meters; then we have seen by what 
arrangement this distance may beincreased to 10, 20, 100 meters 
and even more. Finally we find ourselves enabled to use a base 
of more than 2,500,000 kilometers, thanks to the revolution of 
the Earth around the Sun. It is not surprising that with the 
eyes spread apart to such a distance one can take account of the 
disposition of the stars in space. Let us note also that we see 
Saturn not at its real distance from the Earth, but ata point S 
farther away than §$, or §$,, because of the movement of the 
planet while the Earth moves from T, to T,. If Saturn had re- 
mained motionless in the interval the stereoscopic effect would 
have been still more obvious. 

We can examine the comets in the same manner and assure our- 
selves that the tail is undoubtedly turned away from the Sun; 
more than that, we shall have a means of gaining exact informa- 
tion of its structure and of its dimensions. For, let us note in 
this connection, one can effect pointings on an object with a defi- 
nite outline like the image of a star, with the same ease and the 
same precision ason those with blunt or poorly defined outlines, 
such as the foliage of a tree, the ‘smoke coming from a chimney, 
the clouds of the atmosphere or the nebule of the sky. Itis a 
fundamental property of the stereoscope; the importance of this 
peculiarity will be noted especially in the search for the height of 
the clouds for example, when the lack of points of reference neces- 
sary for exact setting is the principal cause of the uncertainty 
which this study admits of wit 


1 


h the means used up to this time; 
it will be equally valuable in the study of the displacements or 
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modifications which the nebule undergo, a field in which our 
knowledge is still very incomplete. 

On the other hand stereoscopy furnishes a very simple means 
of comparison of two plates of the same object. One could ex- 
amine them by transparency by placing them one over another 
and find out whether certain details are not different in the two 
images. But this is an extremely laborious procedure and not 
very exact, especially when one is studying stellar photographs, 
for it will be necessary to pass constantly from one plate to the 
other to assure one’s self whether a change thus indicated is real 
and does not result from a defect or from an alteration of the 
plate. Here, on the contrary, it suffices to give a glance into the 
stereo-comparator: at the slightest difference in the two objects, 
certain parts appear to detach themselves in front of the others 
or they announce themselves by a trembling, an instability in the 
image when they are of different brilliancy or are found only on 
one plate. This property is susceptible of innumerable applica- 
tions: we can utilize it to study, for instance, the slow displace- 
ment of a glacier, to prepare and verify graduated scales, charac- 
ters of printing, etc. Wecan also apply it to the examination of 
the spectrum of stars with reference to their radial velocity; the 
displacements of the rays by virtue of the Doppler-Fizeau princi- 
ple will make them appear in planes different from the rays of the 
spectrum of comparison. The measures that can here be taken 
will be much more exact than by the actual means, since the lack 
of clearness of the rays or bands is no longer an obstacle to the 
precision sought for 

We have here also a new means of attaining the knowledge of 
the proper motion of the stars. Until now a limited number of 
stars could be examined from this point of view. They are in 
general brilliant stars easy to observe with the meridian instru- 
ments or lending themselves to micrometric measures by their re- 
lation to neighboring stars. But for the greater number of faint 
stars, for the nebulz, nothing is known as yet. It would be nec- 
essary to have recourse to photography and to remeasure care- 
fully, after a pretty long interval, the positions of these innumer- 
able stars in order to assure one’s self of an eventual displace- 
ment, a work which would require an immense amount of time. 
What have we to do here? It is enough to unite under the stereo- 
comparator the two plates representing the same region of the 
heavens; if certain stars have changed their place, they will ap- 
pear to detach themselves from the mass of other stars which 
form a flat background, as in the stereoscopic views of Saturn. 
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This applies equally well to the small planets that can be found 
with the help of two photographs taken at a relatively short in- 
terval. These stars strike the eye at once on the inspection of the 
plate without its being necessary to search laboriously for them. 
It is, so to speak, impossible not to see them. It is thus that Mr. 
Wolf, well known for his numerous discoveries of little planets, 
had submitted to Mr. Pulfrich forinspection two plates on which 
he had recognized several asteroids after a minute comparison; 
Mr. Pulfrich, although entirely inexperienced in these researches, 
discovered at a glance, with the help of his new stereo-compara- 
tor, all the objects noticed by Mr. Wolf, and pointed out besides 
a new asteroid which had escaped the Heidelberg astronomer, 
who must nevertheless be considered as the man the most experi- 
enced and the most skillful in this matter. 

Finally, the variable stars will not escape the observer either. 
They distinguish themselves by a sort of scintillation contrasting 
with the tranquil and steady light of the background. They 
strike the eye and even produce a sensation so disagreeable that 
one cannot mistake them. Quite recently Mr. Wolf published the 
result of the comparison of photographs of the large nebula of 
Orion. Thanks to the stereo-comparator he finds in it not less 
than twenty-four new variable stars, among which several are re- 
markable. Finally the defects of the plates, which it is also very 
important to recognize, become evident in the same way. 

Without doubt, before being able to study by this means the 
proper motions of the stars, and, what is still more delicate, to 
determine thus the stellar parallaxes, the art of photography 
must be brought to greater perfection; there will be many difficul- 
ties to overcome, arising especially from the dispersion caused by 
the atmosphere, and from the difference in the coloring and com- 
position of the light of the stars. 

Still the different experiments where stereoscopy has been put 
in practice have appeared up to this time so convincing that one 
can hardly prophecy yet where the applications of the new 
method will end. 











328 Observations with a Small Telescope. 





OBSERVATIONS WITH A SMALL TELESCOPE. 
CLARENCE W. CARLISLE. 


FoR POPULAR ASTRONOMY 

The question is often asked: “What can I see with a small tele- 
scope?” We all hear of the achievements of the great telescopes of the 
world, but little is said of the instruction and pleasure which can be 
obtained from the use of a small telescope. The writer has a small 
telescope, 1 9-66" clear aperture, which is provided with an invert- 
ing eve-piece of fifty diameters and an ordinary eyve-piece of twenty- 
five diameters, and securely mounted on a firm tripod—a firm mount 
ing being as essential as a good glass. Vor the benefit of the amateur 
who does not yet possess a telescope, and those who are unaware of the 
pleasure to be derived from its use, | will mention some of the most 
interesting objects to be seen with a small telescope 

The moon and planets are, of course, the most interesting to the be- 
ginner from the fact that they are nearer to us than the stars and, 
therefore, present greater detail. We will begin with Mercury, the 
nearest to the sun and by far the shyest of the planets. I have found 
that the best time for seeing Mercury in the evening is during the 
months of May and June, for then he is usually not only at greatest 


elongation, but appears farther north of the sun, and consequently 


remains in sight much longer than at other times. Ile then appears 
as a half moon, whitish in color, and on clear evenings is easily seen 
if one looks in the right place: if this position is known, a star map 
will aid in locating him. When one is fortunate enough to observe 
him for a week or more at a time, a change in phase is noticeable. 

When Venus at her greatest brilliancy hangs in the evening sky, 
she appears as a beautiful crescent. The one great drawback in ob- 
taining good views of Venus is her great brilliancy, but if one will 
begin observations at sunset, or a little before, very good views may 
be obtained. When at greatest distance she is so small and far away 
that nothing is made out; but from greatest elongation to inferior con- 
junction her change from half moon to a slender crescent, accompanied 
by an apparent increase in diameter, is one that will be closely followed 
by the true lover of the stars. 

Mars, the best advertised of all the heavenly bodies, is, perhaps. the 
most disappointing to the small telescopist. Ile presents a small, 
ruddy disc, which is seen to increase and decrease in size as he ap- 
proaches and then recedes from the earth. I presume that at the most 
favorable opposition one or two of the larger markings could be seen 


s 
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and, possibly a slight change in phase. © course his moons and canals 
can never be seen with a small telescope. 

The first glimpse of Jupiter through a telescope is a sight long to 
be remembered, and never fails to bring an exclamation of wonder. 
The yellow disc of Jupiter looks somewhat like our moon seen with 
the naked eve (in fact, with a power of 50 diameters, the image is real 
ly larger than our moon), and his ever moving satellites appear like 
so many little golden balls. The moons of Jupiter dart back and forth, 


passing in front and then behind his great globe, in nearly a line with 


the equator. If one has an ephermeris he may spend many pleasant 
hours watching the eclipses of these tiny moons. [Even if one has not 
an ephemeris he may‘ often see an eclipse, or at least the emersion of 
the moons from the shadow, for a chance of observation will often show 
Jupiter with three or even two moons, and on = rare occasions 
he is seen to have but a= single satellite. The transits of the 


moons and shadows across the planet's disc cannot be seen with so 
small a telescope. Jupiter's belts, on either side of the equator, are clear 
ly seen, and at present the southern belt appears nearly twice as wide 
as the northern belt. These belts cannot be traced to the limb of the 
planet, but appear to terminate a very short distance from it; this is 
due to the fact that we are looking at a globe and not a flat surface. 


Jupiter appears somewhat larger at oppostion than at greatest distances 
and the difference in the length of the equatorial and polar diameters 
is apparent to the keen observer 

Saturn makes a very beautiful picture. His little globe is surrounded 
by a flat ring and the space between the ball and the ring is 
plainly seen. With our telescope the ring cannot be separated, and at 
present none of the moons can be seen; altho, as Saturn gets higher up 
at each succeeding opposition, | presume that his largest moon, Titan, 


can be seen. .\ two inch glass would probably show it at the present 


time. It will be interesting to watch the gradual closing up and final 
disappearance of the ring as it is presented edgewise to us. 


Uranus is practically invisible to the naked eve, and far from an 
imposing object in the telescope. Ile can be picked up from time to 


1 
| 


time as he passes near a star or another planet. Knowing the approxi 


mate position of Uranus, the writer has found that | 


making a rough 
map of the stars in that vicinity, and then about two weeks later 
making another map, a comparison of the two will show Uranus 


for altho his motion is slow it is sufficient to give him away. Of course, 


Uranus is so far away that his moons are m 


t seen, and he appears 
like a small star. Neptune, invisible to the naked eve and but barely 


visible in a small telescope, moves so slowly in his orbit that it is very 
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difficult to pick him up among the great multitude of small stars. 

The moon is, by far, the most interesting object fur our small tele- 
scope. Each day reveals the moon in a new light, and one never tires 
of looking at it. When at the quarters the moon is most interesting, 
for then the shadows are longest, and the great mountains stand out 
in bold relief. I will not attempt to describe the wonders of the moon 
for they are too numerous as anyone who has looked at it, even with 
an opera-glass, is well aware. Copernicus, Tycho with its rills, the 
Apennines and the Alps with its deep ravine, the lunar railway, the 
great seas, and all the other grand objects on the moon can easily be 
identical with the aid of a small chart of the moon. ; 

We will now turn our telescope on the stars. The Pleiades and 
Hyades in Taurus will be the first to draw our attention, and when seen 
with a low power they present a very beautiful appearance, very many 
stars being seen which the naked eye does not reveal. The double clus- 
ter in Perseus contains a great number of small stars, ranging from the 
sixth magnitude down to the fourteenth, but of course with our tele- 
scope we can see only the brightest. The globular cluster in Hercules 
can be found with a little patience, but the stars are so thick that they 
cannot be separated and it appears like a nebula. The bee-hive cluster 
in Cancer should also be carefully examined. 

Among nebulae the great nebula in Orion stands out pre-eminent. 
To get the best effect this should be allowed to drift slowly into the field 
of view, using a low power eye-piece. 

This nebula is very irregular in shape and contains several small 
stars. Near the center three very faint stars and one brighter one are 
seen, composing the trapezium. The elliptical nebula in Andromeda, 
and the only one visible to the naked eye, is worth a very careful ex- 
amination. 

On turning to the double stars we shall find that our telescope will 
separate a great number, ranging from the widest doubles, such as 
Epsilon Lyrae, and Mizar in the handle of the big dipper, down to 
Gamma Arietis and Gamma Andromedae, whose distances are 8.5 
and 10 seconds respectively. Beta Lyrae has four companions, two 
which we may see; one is conspicuous, but the other requires some 
patience. One of the most interesting doubles is 61 Cygni, the first 
star whose parallax was measured, and the second nearest star to us. 
Its components are of equal magnitude and separated about 21 sec- 
onds. Beta Cygni is, perhaps the prettiest double that our telescope 
will show. Its components present a very striking contrast in color, 
one being bright yellow and the other blue. One of the most diffi- 
cult doubles is Delta Bootis; a dark night, good seeing, and consider- 
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able patience are required to catch the faint companion which is of 8 
I-2 magnitude and separated 110 seconds. There are many other 
double stars scattered throughout the constellations which our tele- 
scope will show, Bootes, Orion, Canes Venatici, and Scorpio being par- 
ticularly rich. 

During the present solar activity frequent examinations of the sun 
will be very profitable. For this purpose the telescope should be pro- 
vided with a dark eye-piece, or sunshade as it is sometimes called. 
During the last six months one or more sun-spots have been visible 
almost daily; one day the writer counted fifteen, large and small. 
The faculae are not seen very plainly, but the large spots are seen to 
be jet black in the center surrounded by a grayish matter. These 
large spots are often seen to break up into several smaller ones, and 
they assume various shapes. Last fall the writer noticed a singular 
group of small spots which appeared to be protuberances rather than 
depressions, resembling some of the smaller meuntains of the moon. 
To be instructive the sun should be examined daily so that the changes 
in the shape of the spots can be closely followed. 

Besides the regular phenomena, there are occasional displays, such as 
comets, occultations of stars by the moon, eclipses of the moon and if 
one is fortunate enough to live in the right place, an eclipse of the sun. 

Comets have always appealed very strongly to the writer, for one 
never knows what they may develop, and even tho they remain incon- 
spicuous their rapid flight among the stars will prove of interest. Per- 
rine’s comet, which appeared in the summer of 1902, was insignifi- 
cant. Borelli’s comet of last summer was a great improvement over 
Perrine’s and at brightest shone as a star of the fourth magnitude; 
the head of the comet was quite clearly defined, and the tail could be 
traced for several degrees. However, opera-glasses will be found more 
effective in examining comets as they admit more light. 

Occultations of bright stars by the moon ought to be of great inter- 
est to the amateur as they afford opportunities of proving to his own 
satisfaction that the moon has a very thin atmosphere if any at all. 
Unfortunately for the writer the occultations of the last two years have 
occurred on cloudy nights and, therefore, no observations could 
made. 


be 


Truly, when one contemplates the wonders and glories of the uni- 
verse, he is forced to say in the language of the scriptures: ‘*What is 
man that God is mindful of him.” 
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VARIABLE STARS IN THE NEBULA OF ORION, 


EDWARD C. PICKERING. 





The Great Nebula of Orion has been the subject of careful study 
by astronomers for many years. Volume V of the ‘Annals of the 
Harvard Observatory contains an elaborate discussion of this 
nebula, by Professor Bond, including a comparison of the ma- 
terial previously collected. Many stars in it have been an- 
nounced as variable, but strangely enough the changes in only 
one of them, T Orionis, have been generally admitted. In 1901, 
and again in 1903, Professor Wolf of Heidelberg compared sev- 
eral of his photographs by means of stereo-comparators and an- 
nounced a number of variables in this part of the sky. They do 
not appear to have been confirmed by other observers, and final 
designations have not yet been assigued to them. The faintness 
of many of these stars even at maximum renders it probable 
that comparatively few photographs exist on which they can be 
followed. A grant made by the Carnegie Institution for 1903, 
permitted a large amount of work of this kind to be undertaken 
here, and turnished a corps of eight observers for the study of the 
Harvard photographs. The failure to continue this grant for 
1904 rendered it necessary to disband this corps. and since De- 
cember, 1903, similar work has been carried on, at the expense of 
the observatory, by only one observer, Miss Henrietta S. Leavitt. 
A number of photographs of the nebula of Orion, having long 
exposures, are contained in the Harvard collection, and a careful 
examination of them has been made by Miss Leavitt. Besides 
confirming sixteen of Wolf's variables, she has found many new 
ones, which renders it probable that nebulz as well as clusters 
may furnish fruittul fields for the discovery of such objects. 
Three plates taken with the 13-inch Boyden telescope were ex- 
amined, the first made on September 15, 1893, exposure 180", 
the second on September 17 and 18, 1893, exposure 480", and 
the third on December 5, 1893, exposure 151". Plates taken with 
the 24-inch Bruce telescope, on January 8, 1894, exposure 60", 
January 25, 1894, exposure 60", January 27, 1895, exposure 
180", October 6, 1896, exposure 180", Novermber 9, 1896, ex- 
posure 123", November 10, 1896, exposure 265", December 17, 
1898, exposure 60", December 3, 1901, exposure 60", and Decem- 
ber 4, 1901, exposure 420", were also used. For stars which, on 
plates having long exposures, are deeply involved in nebulosity, 
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an examination was also made of plates taken with the 13-inch 
Boyden telescope on September 12, 1893, exposure 10™, and on 
March 13, 1896, exposure 10™, und of plates taken with the 24- 
inch Bruce telescope on November 30, 1893, exposure 61™, De- 
cember 27, 1893, exposure 60™, January 1, 1894, exposure 11", 
January 1, 1894, exposure 60™, October 29, 1897, exposure 10", 
and December 8, 1898, exposure 10 Some excellent photo- 
graphs taken with the 8-inch Bache telescope in 1888 (Annals 
XVIII, 114) can be used only for the brighter variables. So far 
as possible, the map and catalogue of Bond (Annals V) were 
used to locate these stars, and their positions were derived by 
adding the co-ordinates given by Bond to those of 6' Orionis, 
whose position for 1900 is assumed to be R. A. &" 30" 21°38. 
Decl. 


stars notin this catalogue, and are given to seconds of time in 


Qo7"7 9 


7’.3. Estimates were made of the positions of 


= 


right ascension, and to tenths of a minute of are in ceclination. 

A provisional scale of magnitudes was used which is fairly com- 
parable with that of Wolf. On this scale, the faintest stars seen 
on Plate 26 of Roberts’ Photographs of Stars, Star Clusters and 
Nebulae, have the magnitude 14.8. The original negative was 
taken with his 20-inch reflector on January 15, 1896, and had an 
exposure of 90 minutes. The faintest stars shown in Plate 
XXIII of Volume VIII of the Decennial Publications of the Uni- 
versity of Chicago have the magnitude 15.5. The original nega- 
tive was taken with the 24-inch reflector on October 19, 1901, 
and had an exposure of 60 minutes. 

A list of the stars certainly variable is given in Table I. 


Those 
found by Wolf have been confirmed by Miss 


Teavitt. Those 
found by Miss Leavitt have been examined by Mrs. Fleming, on 
several plates, and the variability in each case confirmed. Al- 
though the changes in some of these stars are small, they seem 
to be real since, owing to their faintness, good comparison stars 
can be found near them. A number tor reference, the provisional 
designation given to Wolf’s starsin the Astron. Nach. CLXII, 
161, the number in the catalogue of Bond, the right ascension for 
1900, and the declination for 1900, are given in the first five 
columns. The brightest and faintest magnitudes on the Har- 
vard and Heidelberg photographs are given in the next four col- 
umns. 
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36.1903 


37.1903 


38.1903 


39.1903 
40.1903 


41.1903 
41.1903 


43.1903 


83.1901 
50.1903 


44.1903 


45.1903 
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276 
288 


TABLE I. 


STARS CERTAINLY VARIABLE. 


R. A. 1900. 


h m 


§ 27 53 
28 27 
28 37 
28 37 
28 37.0 
28 40 
28 47 
28 54 
28 59 
29 0O 
29 5 
29 8.7 
29 12.2 
29 15 
29 21 
29 24 
29 29 
29 31 
29 42.8 
29 43.0 
29 46.0 
29 47 
29 49 
29 54.8 
29 55.1 
30 1.6 
30 2.1 
30 2:5 
30 4.3 
30 5 
30 12 
30 12.2 
30 13 
30 16.3 
30 18.2 
30 19.5 
30 20.7 
30 21 
30 24 
30 25.5 
30 26.8 
30 30.1 
30 31.0 
30 31.5 
30 34 
30 40.0 


30 « 


20 47.3 
30 52 
30 54.0 
30 55.6 
30 57 
30 58.1 
31 0 
31 1 
3 9 
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TABLE I.—CONTINUED. 


STARS CERTAINLY VARIABLE. 


Designa- Harvard. Heidelberg. 

No. tion. Bond No. 7 A. 1900. Decl. 1900 Br. Ft Br. Ft. 
1 m s 

59 46.1903 877 31 9.2 —646.5 13.0 14.9 126 <14 
60 one 885 31 13.8 618.2 12.8 13.9 med : 
61 ae ae 31 16 652.0 14.4 © 15.4 
62 ae oi 3118 633.3 13.7 - 15.0 wat a 
6: 85.1901 908 31 21.4 6515.4 11.5 3k * £2.65 14 
64 ~ sen 31 28 6215 13:0 14.5 
65 awn 951 31 42.7 5 29.9 13.5 14.6 
66 ewe sine 31 46 6 23.1 12.1 13.3 
67 see 10909 32 8.8 6 37.1 1L.5 148 
68 sae _— 33 3 ‘ Ua 24.7 144 
69 86.1901 ose 34 46.1 3 28.6 13.5 14.4 11.7 13.0 
70 = ian 35 13 618.9 12.2 13.2 ‘ 
71 49.1903 —_ 36 36.0 —4411.3 10.5 14.8 9.5 15 


REMARKS. 
3. Although the observed range is small, the variation is very clearly 
marked. 

4,5. The variation of these adjacent stars is marked. 

6. Period apparently short. 

12. Period apparently short. 

13. Period apparently short. 

18. This star, although faint, gives distinct images on the plates, and the 
variation is well defined. 

20. The variation of this star, though small, is well shown by a comparison 
with three neighboring stars of about magnitude 14.5. 

28. Bond 528 and Bond 537, the stars nearest this position, are wrongly 
charted on Bond’s map. The position has, therefore, been determined independ- 
ently. 

30. The variation is obvious when different photographs are compared, but 
the strong nebulosity in the region of this star makes measurements of the mag- 
nitudes difficult. 

37. The variation is small but readily observed, as the variable is some- 
times brighter and sometimes fainter than Bond 605 which precedes it 1°.2, and 
is in the same declination. 

44. This star was suspected of variability by Holden. 

47. Wolf announced this star as probably variable. 

49, This star was suspected of variability by Schmidt. 

51. Although this is a faint variable it is easily observed. A star of about 
the fifteenth magnitude follows and is slightly south of it. 

53. T. Orionis. This star was not measured, but the variation is obvious, 
on the plates examined. 

63. No marked variation was found in this star, which was observed with 
some difficulty. 

64. This star is on Bond’s chart, but not in the catalogue. 

66. This star is on Bond’s chart, but not in the catalogue. 

68. This star precedes the position given by Wolf of 47,1903, 35* and is 
north of it 18’. 

70. This star precedes the position given by Wolf of 53,1903, 26°, and is 
north of it 10’. 
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A list of stars suspected of variability is given in Table II, in 
the same formas Table 1 omitting the last four columns. All of 
Wolfs stars may prove to be variable, but some are included in 
Table II since they have not yet been confirmed here. 


TABLE II. 


SUSPECTED VARIABLES. 


No. Designation. Bond No R. A. 1900. Decl. 1900 
h m s ° 

1 80.1901 oa 5 24 47.0 —$ &.2 

2 32.1903 a 26 59.2 4 31.4 

3 33.1903 — 2% 1336 5 aa 
4 34.1903 as 27 16.6 1 s28 

5 35.1903 ms 27 54.0 7 38.8 

- 8 8 s_—_—eeicns 216 28 50.5 5 35.3 

a 81.1901 ee 28 54.0 4 42.8 

_ a re — 29 15 5 36.3 

361 29 29.1 5 i 
| rer 492 29 56.8 4+ 7.5 
.  ~keassy ; 30 0 6 33.5 
: er 52 30 5.2 5 27.0 
#4 wees 527 30 5.6 5 48.5 
_. Sie ore 558 30) 10.7 5 29.3 
|) ee , 30 14 5 35.5 
|, errr 30 17 § 34.5 
* 30 25 5 35.3 
18 82.1901 30) 36.8 6 7.0 
—_— © \ebawe er 30 37 4 52.8 
SOl1 30 61.0 ® 32.0 
. Sere 833 30 57.3 5 55.6 
fiers 30 59 5 30.3 
23 84.1901 31 0.4 5 O.S 
ee  6——*«*«C ww 31 5 6 1.3 
a ~CO*«C ena ot 87 5 20.8 
26 91.1903 32 18.4 os ame 
ae 33 3 4 16.8 
28 47.1903 33 38.4 ~ 2 
29 52.1903 $4 31.9 4 57.4 
30 87.1901 35 10.1 5 24.4 
31 53.1903 35 39.4 6 29.0 
382 48.1903 $5 87.8 8 8.5 
bs 54.1903 35. 657.9 bed Be 
34 88.1901 42 27.9 6 14.8 
35 89.1901 13 «16.1 —5 43.6 


REMARKS, 

1. The region is on the extreme edge of the plates examined. No variation 
was detected in any star near the position announced. 

2. Nostar near this position was found to vary with certainty. A four- 
teenth magnitude star was suspected of being unduly faint on January 8, 1894, 
and on January 27, 1895. 

3. No variation could be found in any star near this position. Probably the 
variable remains faint during the greater part of the time, as it was seen bright 
on only one of the Heidelberg plates. 

4. Astarof about the magnitude 14.5 in this position appears to fluctuate 
slightly in brightness, but no conclusive evidence of variation has been found. 

5. No variation was found in any star near this position. 
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7. Assumed to be Bond 223. On the plates examined the star is always of 
about the magnitude 13.5. No star near this position has been found to show 
variation. 

14. Thisstaris ina strongly nebulous region and the variation is possibly 
only apparent. 

18. The star nearest the position is Bond 745, which does not show varia 
tion on the plates examined. On each of them it is of about the magnitude 13.5. 

20. Bond considered this star to be variable. There appears to be some 
Huctuation in light, but on the plates examined, the evidence of variability is not 
conclusive 

23. Bond 844 is in the position giver On all the plates examined, the light 
remains at about the magnitude 13.7 


26. No variation was found in any star near the position given 


| ng 

28. Astar near this position appeared to be nearly half a magnitude fainte1 
than usual on December 17, 1898 The images of stars in the vicinity are poor, 
however, and the evidence of variation does not ppear to be conclusive. See 
remark on number 68 in Table I 

29. The star nearest the position give shows some evidence of variation. 
On the best plates, the brightness appears to be constant. On January 8, 1894 
and January 27, 1895, the star appears nearly half a magnitude fainter than 
usual, but the imfiges are poor in each case 

30, Of the two stars near this position, the southern always appears about 
two-tenths of a magnitude the brighter xcept on the plates taken November 9, 
1896, and December 3, 1901. On these plates the two stars appear equal 


31. No star near the position given shows variation on the plates examined 
See remark on No. 70 in Table I. 

32. The region is covered by only three of the plates examined, and on them 
the staris too near the edge for accurate observation. The noithern of two 
faint stars near this position was suspected of being half a magnitude brighter 
on November 10, 1896 than on November 9, 1896 Che two stars are doubtless 


Wolf's 48, 1903 and 54, 1903 


33. See remark on number 32 





34. The region is on the edge of the plates examined. No star could be 


found showing the progressive diminutiou of light announced by Wolf 


35. The region is on the extreme edge of the plates examined. No star near 


the position was found to show variatior 


The region covered in this examination was that of Bond’s 
map, which extends between the limits preceding and following 
6' Orionis by 2™ 42°, and from 87’ north of this star to 917.5 
south of it. The corresponding limits for 1900 are R. A., 


5) 27™, 


~ 


7 to 5" 33™.1, Decl. L° O’ to 6° 59’. The area of this 
region 1s 14,458 square minutes of arc, and the number of stars 
examined about 3,000. A small region near the announced posi- 
tion of each of Wolf's variables, situated beyond the limits of the 
map, was also examined. 

The distribution of the variables contained in Table I empha- 
sizes their close connection with the nebula. They are found 
principally in a narrow region on each side of a line extending 
southward from ec Orionis through @ and, and beyond. North 
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of declination — 4° 44’ only one variable was found out of about 
900 stars examined. Within the limits of the remainder of 
Bond’s map, out of 550 stars examined, only one variable has 
been found preceding R. A. 5" 28™.4, and out of 450 stars exam- 
ined, only one variable has been found following R. A. 5" 31™.8. 
The areas of these three regions are 3524, 1417, and 2632 square 
minutes of arc, respectively. In the remaining region, covering 
6885 square minutes, out of about 1100 stars examined, 65 have 
been found to be certainly variable, and 20 more are probably 
variable. A suspicion is also attached to several other stars not 
here announced. 

It is not improbable that other variables may be discovered 
when more photographs become available for comparison. as 
many of those found appear to be of the same class as the vari- 
ables in globular clusters, which remain at their minimum mag- 
nitude during a large part of the time. Those of Wollt’s variables 
which were not confirmed upon the Harvard plates may belong 
to this class.—Harvard College Observatory, Circular No. 78. 

March 23, 1904. 





SEEN AND LEARNED ABROAD. II. 





T. D. SIMONTON. 
FoR POPULAR ASTRONOMY 


Let not our title be understood in disparagement of what we 
have at home. For our age, no land can present the student of 
science greater facilities for his studies, nor inducement thereto. 
At home or abroad, it is the intent and awakened mind that will 
win the prize of knowledge, equally valuable wherever acquired. 
But that a country such as Europe, that has seen almost all the 
civilized centuries, should have gathered more for the eye to see 
and the mind to contemplate, and have developed a line of men 
of science it is a great privilege and a great stimulus merely to be 
in the presence of, is surely nothing to be wondered at; rather it 
is to be gratefully prized as a fact and an opportunity for those 
coming from the newer world. And it is in this sense and from 
this point of view Inow write of the advantages of an exneri- 
ence abroad, while still giving full weight to our opportunities at 
home. 

It was the year of the Queen’s Jubilee, when from the roof of a 
down-town theatre we saw probably the greatest crowd London 
has ever known, brought together to view the greatest concourse 
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of royalty in modern times—from Europe, Asia and Africa—roy- 
alty and aristocracy enough to do us fora lifetime. But how 
was it a few months later when we had a timely rest of ten days 
in the city of Manchester, to see and take part in another gather- 
ing, the meeting of the British Association for the Advancement 
of Sciences, the largest concourse of men of science Europe had 
probably ever seen up to that time? Counting both active and 
associate members they numbered nearly 4,000. With proper 
credentials,* on payment of 1 £ visitors like ourselves were ad- 
mitted not only to all the sessions and sections of the meeting, 
but were welcome to the excursions and the public social features 
arranged for the entertainment of the delegates. Of the latter I 
shall only mention the Mayor of Manchester’s reception of the 
delegates in the City Hall, where, in the crush of numbers, the 
toilets of the ladies, and the rather boorish attack upon the 
tables of refreshment on the part of some of the men, we saw 
what was sufficient to make us feel that we in America and they 
must be near of kin indeed, since everything was so blameably 
natural. 

But now, in favorable contrast to the heterogeneous royalty 
of the Jubilee, here were the leading great men in science of Eu- 
rope (with a number from America), in daily conference, follow- 
ing the more formal opening addresses of the general meeting and 
of the subdivisions or sections as they are called. Men I had 
often read about and revered for their attainments, such as Sir 
William Thomson (now Lord Kelvin), Sir Frederick Bramwell, 
Professor Playfair, Lord Rayleigh, Sir Henry Roscoe, Professor 
Newton, Professor Pritchard, Sir Charles Warren, Professor 
Boyd Dawkins, and many others, were now seen in the flesh, and 
had become living realities. In the lesser meetings of the Sections 
particularly, and day after day, a stranger even would become 
familiar with the pose and lineaments of these men; and perhaps 
I may be pardoned in transcribing from my journal the terms in 
which I tried to make indelible (there at least) the impression of 
them at that date. ‘‘Sir Wm. Thomson is an eager, ruddy faced 
man of over 60 years; has a keen eye, and an intent, nervous 
manner; seems to be alive to all that is going on, and to enjoy it. 
Lord Rayleigh is a large, sandy-haired, good-natured looking 
man, whom I shall remember from his wearing the long sparse 


* It is but due Professor Payne I should say that a note from him was all I 
carried as an introduction to scientific circles abroad; and that even was shown 


very seldom. Once introduced, I seemed to have easy entrance everywhere. 
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locks of his hair over the top of his head, and his keeping (lost in 
thought) his hands in his pants’ pockets! Sir Henry Roscoe is 
ruddy-faced and portly. They say he is of late something of a 
politician, after quite a career as a chemist.” 

And this latter name brings me to the Inaugural Address of the 
great meeting, for it was by Sir Henry E. Roscoe, the President 
of the Association, it was delivered. Besides the members, the 
elite of the city were evidently on hand; for it is no slight honor 
to entertain the Associatioa. The subject of the lecture was “A 
Review of the History of Chemistry during Victoria’s Reign.”’ 
His opening sentence was, ‘‘Manchester, distinguished as the 
birthplace of two of the greatest discoverers of modern science, 
heartily welcomes today for the third time the members and the 
friends of the British Association for the Advancement of Sci- 
ence.” And by the time he had given his masterly exhibit of the 
place Dalton gained as the discoverer of the laws of chemical 
combination, and as the framer of the atomic theory (on which 
modern chemistry may be said to be based), and Joule, none the 
less, by his experimental determination of the mechanical equiva- 
lent of heat, leading on to the great doctrine of the conservation 
of energy—by the time this was so successtully accomplished, one 
felt as though in a sacred vicinity and that it was a privilege to 
tread on the streets and pavements marked by the footsteps of 
these later apostles of science. 

Several popular lectures were given during the eight days of the 
meeting, cne by Professor H. B. Dixon, on the **Rate of Explo- 
sions” (of gases). It was concluded by the Professor’s firing a 
tube containing explosive gases, running clear round the room 
and coming back to him, in plain sight, with a length of some 
three hundred feet. Deftly adjusted registering apparatus showed 
that only the 1/25 of a second elapsed from the firing at his desk 
at one side till the return impulse at the other side of the desk 
caused a little token to drop, indicating the time. Both the lec- 
ture and the admirably conclusive experiment were commended 
by Sir William Thomson in a few words at the close. 

But the main business of the \I[ceting was to be seen in the Sec- 
tions, of which there were six or eight, designated by the letters 
of the alphabet, A. B.C. ete. Section A., Mathematics and As- 
tronomy, was opened by an address by Sir Robert S. Ball, As- 
tronomer Royal of Ireland, aud President of the Section. Fol- 
lowing him was a paper by Sir, William Thomson on Vortex 
Motion. Init he said we have in the jelly-like ether a means for 
the propagation of the waves of light, and that it represents 
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other more solid substances such as glass and diamond. Profes- 
sor Pritchard (a D. D. also) Savilian Professor of Astronomy at 
Oxtord, spoke on Celestial Photography. Gave his method of 
stopping off bright stars till the fainter ones had time to imprint 
themselves on the plate, and then giving the former just time 
enough for themselves. He claimed that by this method he could 
secure such perfect definition that he could get parallax to 1/10 
of asecond. He was criticised, but maintained his ground. | 
should take him to be 80 years of age (he died in 1893); he is 
very fleshy and buiky and short of breath. Mu Cassiopez (I 
now recall) was the star so closely determined as to parallax. 
‘Professor Pickering’s paper on Stellar Spectrum Photography 
was not read, as the illustrative prints had not arrived. (I have 
seen the latter since here in London. They are exquisite pro- 
ductions). Professor C. A. Young was also present and seemed 
much interested. On another day he gave a report of the Ameri- 
can Total Eclipse Expedition to Russia (station about 150 miles 
northwest of Moscow) from which he was returning. They had 
had fine weather right along, but when the final moment arrived 
the sky was hopelessly cloudy, to their inexpressible disappoint- 
ment. The diminution of light was very apparent as the eclipse 
‘ame on, but at the darkest the bricks could be separately dis- 
tinguished on a house several hundred feet distant. A story was 
current among the peasantsthat Antichrist had come from Amer- 
ica, and that now the end of the world might be apprehended! 
The great desire of the Professor was to have confirmed (if such 
be the fact) a conclusion of his drawn from a previous eclipse, 
that the reversing layer is found in the gases next to, if not in 
part in those within the photosphere. The observation was to 
be made just at the beginning or the end of totality, when those 
gases would be exposed near to, but not superposed upon, the 
photosphere, and were expected to flash out the bright-line spec- 
trum. Later eclipses have satisfactorily shown this to be the 
case; for a moment or two hundreds of bright lines appear. 
When I name Professor Rowland as the third distinguished 
American I heard before the Association (not to mention many 
scientists from the continent), the representative character of the 
Meeting from the standpoint of science may be understood. The 
Professor’s paper was on Wave-lengths of the Spectrum. He 
was afterwards criticised for not using Angstrém’s map, but was 
supported in his position by Professor Young, onthe ground tha 
Angstrém is not definite enough and refined enough for modern 
work. Rowland’s manner before the Section seemed rather 
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feeble, but we shall see his matter was positive enough to stir it 
up. He gavein his report a description of his map of the spec- 
trum. He had worked for several years with concave gratings— 
first with one of 12 ft. focus—then with one of 21 ft. Results he 
should show the Section in his photographs; that Angstrém is 
not correct. 


Having made his negatives, the next thing was to place the 
scale upon them. He first tried Angstrém’s numbers, but they 
would not match. He had therefore to determine the relative 
wave-lengths, and this he did by using overlapping spectra and 
micrometer measurements. As the spectrum was normal all that 
was necessary was to get the scale to agree at two points and 
then it would agree at all. * * * Hecould not fit a scale to 
his map until he had made a new determination. 

Captain Abney thought it a serious thing to change the stand- 
ard of wave-lengths and that a committee of the Association 
should be appointed to confer with an American committee. 
Rowland replied that Angstrém’s numbers do not agree among 
themselves. His position seemed to be reflected in a report of M. 
L. Bell of Baltimore (a student of his?) on Recent Determinations 
of Absolute Wave-lengths, which closes as follows: ‘!We can 
from the close agreement of Kurlbaum, Pierce (corrected) and 
the writer feel sure that the wave-length of D is very near 
5896.00, and consequently that all wave-lengths based on Ang- 
strém’s values are incorrect by at least one part in 8.000. But 
this would not be a very serious matter if Angstrom’s relative 
wave-lengths were exact, which they are not.” 

“In the Mechanical Section I heard part of a strangely-timed 
paper (it rained most of the time we were in Manchester) on 
*Drought,’”’ hy ———— Symonds. He was followed by a blunt- 
spoken old man who seemed to command much respect. He 
said that despite present skies he could remember a water- 
drought in England equal to that of Elijat’s time.”’ 

“Looked into several of the Sections. President Newton of the 
Biological is a large man with short side whiskers and grey hair 
and eye-brows—pleasant looking and dressed in a business suit. 
Some of the papers were very poorly read. Canon Taylor’s style 
in Section H., Anthropology, was so much like poor church 
reading here that I could not listen with any comfort to his 
mouthed sentences, and so left.”’ 

“Heard Preece, the electrician, report his experiments in teleg- 
raphy without wires. From stations on both sides of the river 
Severn he could secure weak responsive currents. Professor 
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Boyd Dawkins of the Geological Section spoke of the project of a 
Channel Tunnel. No water to hurt in the experimental gallery 
opened 5 years ago—only 44 of a gallon per minute. The gray 
chalk is the protecting stratum, and it extends over the channel 
bottom all the way to France. The motive for constructing the 
tunnel is acommercial one; the objection to it is of course the 
military one: and by the time Professor Dawkins began an at- 
tempt to minimize the latter he was incontitently shut off by 
Woodward, President of the Section. Dawkins is a pale-faced 
nervous mannered man, with light hair and moustache.”’ 

Manchester, Sept. 14th.—‘‘'To the Sessions of the Iron and 
Steel Institute now in session here. I was given free admission 
to all the sessions of this Institute. I simply told them I was an 
American, and interested in learning what they were doing: a 
card of entrance was handed me forthwith. The mayor of the 
city gave the members a hearty address of welcome. Alluding 
to Sir Henry Bessemer, who sat near by, he said, in the millions 
saved to the kingdom per year through his processes we see ful- 
filled the saying ‘no man liveth to himself.’ The Bessemer medal 
for improved product of mild steel was conferred on James Riley 
of Glasgow—a proud day for that fresh-looking, fine fellow, who 
looked as if there might be still much ahead for him. Sir Lothian 
Bell gave a paper on some process of improved production, 
chemically considered. He is a fine-looking, bald headed, white- 
whiskered man, with darker moustache. He commanded strict 
attention on the part of the whole assembly.”’ 

The Institute continued in session for several days. Sir Henry 
Bessemer was to be seen day by day sitting upon the platform in 
his skullcap. He looks some 60 years of age; has rather heavy 
features and a dark complexion. He has the proud distinction 
of seeing the fruits of his labors and of enjoying his honors dur- 
ing life. 

“‘Among the remarks I heard at the meetings was one that the 
output of their largest furnaces is about 1,000 tons of iron per 
day, while the same in America reach 2,000 tons. Also that by 
the overstrained application of the doctrine of free trade the 
British producer can be nndersold with the greatest ease. Bel- 
gian iron is brought over for important enterprises, and is fur- 
nished at a rate destructive to home industry. ‘So much for the 
wisdom of our statesmen.’ (Hear, hear, Chamberlain).”’ 

London, Oct. 25th.—‘‘Called at the rooms of the Royal Astro- 
nomical Society, and was shown by the librarian, to whom I[ had 
a letter of introduction from Lord McLaren of Edinburgh, many 
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fine photographs of the stars made by Mr. Roberts of Liverpool, 
and still better ones by Paul and Prosper Henry of Paris. The 
latter use a specially adjusted refractor and secure marvellous 
definition. Looked at very closely one could see a three fold 
image of each star (in triangular position), purposely so taken 
to distinguish even the faintest star from an accidental spot on 
the plate or film. Small companion stars could be seen, just like 
a satellite of Jupiter trembling on the rim of the primary. The 
asteroid Sappho was shown taken by short exposures a few min- 
utes apart, producing a linear image, while the fixed stars were 
round. After a two days’ interval it was to be sought among a 
totally difterent group of stars. The best photo of a nebula was 
by Mr. A. Common. I was very well received by Mr. Wesley, the 
Librarian, and given an invitation to the meeting of the Royal 
Astronomical Society, Nov. 11th, coming.”’ 

London, Nov. 11th.—‘*Went to the meeting of the Royal As- 
tronomical Society at Burlington House at 8 p. M. Papers were 
read on the albedo of Jupiter’s satellites, with notes of experi- 
ments to show that all the changes in the apparent light of these 
bodies can be obtained by artificial means, of lesser bodies with 
varying light made totransit other and larger bodies with greater 
illumination. Captain Noble, a middle-aged, sanguine looking 
man, read a paper showing how far out he had been in taking the 
ordnance survey maps as guide to the position of his observa- 
tory—some 500 feet.” 

“Mr. Turner, of Greenwich Observatory, read a paper on Per- 
sonal Equation, showing the difference between four observers 
proved by an arrangement to test their electric records, by means 
of a true electric record, just as the dummy star crossed the cen- 
tral wire. On the average, though somewhat out, the observers 
were within 1/10 of asecond of time. To secure absolutely trust- 
worthy results the young men concerned did not know they were 
then being tested.’ 

“Professor Pritchard of Oxford followed, with his notes on 
photography as a means of obtaining parallax. Said he had 
found both components of 61 Cygni to have a parallax of about 
1/10 of a second of are by his method. Had tried Mu Cassiopez 
and Polaris and obtained decided results of about .04 and .05. 
Had lessened the time with about the same result, and now be- 
lieves that by this method five nights only, twice a year, will be 
sufficient by which to determine the parallax of untried stars 
with more accuracy than has been obtained in the case of those 
heretofore determined. The negative results of Bessel in 1837, 
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and the approximate results of Struve in 1856, only give him the 
greater confidence in the new method, as these are both in har- 
mony with his positive results- He now takes two exposures of 
a few minutes each of the star under examination and of the test 
star, and measures the distance of their places with the microm- 
eter applied to their photographic images. In one case his re- 
sults fell right between those of Bessel and Struve—and after 
many tests. Pritchard says it is more important to get a nearly 
correct parallax of many stars than a better one of but a few, 
and thinks his method will furnish them down to 1/20 of a sec- 
ond.”’ 

‘Professor Christie, now Astronomer Royal, was present. He 
looks more like a farmer, with his full hearty face, than one so at 
the front in science. It was he who invented the personal equa- 
tion test machine. The Society have a fine room, the walls 
adorned with prints and photos of the Moon and other astro- 
nomical objects. Photographs by Pickering and Roberts were 
shown. Some new members were proposed, two from America 
endorsed by Lewis Swift.” 


DR. D. K. PEARSONS, THE CHRISTIAN PHILANTHROPIST. 


W. W. PAYNI 


It isarare thing for this publication to turn aside from its 
chosen field to consider other topics, however worthy in them- 
selves, if they are but remotely connected with the science of as- 
tronomy; yet we have made some exceptions to this rule; and 
our present theme isan important one for which we offer no 
further apology than to say that the princely gifts of this living 
benefactor have tounded one new astronomical observatory and 
indirectly aided several others by giving to the colleges to which 
they belong. 

Dr. D. K. Pearsons has long been a resident of Hinsdale, IIl., 
one of the cleanest and the most attractive of the suburbs of the 
great city of Chicago. April 14 he passed hiseighty-fourth birth- 
day in perfect health and in buoyancy of spirit that are very re- 
markable for his years. His intelligent face, his sharp eye, his 
plain speech, his keen sense of the true and the false and his scorn 
that withers every shame without ceremony are traits of the 
man for scores of years; and these same traits have ripened into 
the habits of a life that are so simple, so severely regular and so 
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strictly frugal as to make him the observed and the unique man 
among the very few like him in a whole generation. It is indeed 
refreshing to find one man in a thousand that has character and 
will power enough to put the things which he knows are right 
and best for him, into his daily living, and to carry them steadily 
and faithfully on with him throughout a long and busy life to its 
very end. Such an example of mature physical powers, that may 
easily reach the hundredth vear limit, is certainly an object lesson 
for young people now-a-days. 

Interesting and profitable as it is, this part of our theme is not 
that part of it which appeals to us most strongly. It is rather 
the work of Dr. Pearsons for more than fifty years as a Christian 
philanthropist. Dr. Pearsons has always been a successful busi- 
ness man, and his benevolence, as time has gone on, has been 
greatly varied and most intelligently generous in every way. He 
has given to the needs of missionary societies, hospitals, churches, 
theological seminaries, the Young Men’s Christian Association 
and many other worthy objects; but above all and beyond all he 
has been the friend of the Christian college in a most remarkable 
way. Those who have been in the great wave of college influence 
and enthusiasm, set in motion bv his large, recent gifts, very well 
know that there is not another case like it in the history of this 
country. Some day hence, somebody will write a history of 
what this man has done, and will do, in the next decade of years, 
for the Christian college. If that history is truly told it will pic- 
ture one of the noblest monuments to the memory of Dr. Pear- 
sons that ever comes to the lot of fortune’s favored sons. 

When a manhas the courage and the heart to take on his 
shoulders the needs and the care of thirty differeut colleges, and 
to meet their pressing wants and promises, with reasonable con- 
ditions, to give them more than 4,000,000 dollars of his own 
money, a type of philanthropy is shown that is certainly very 
remarkable of its kind. More than this, because Dr. Pearsons’ 
gifts are so planned that these same colleges shall receive an ad- 
ditional amount of about 9,000,000 dollars to make his own 
available, it is evident that the wisdom and foresight of his plans 
are an indication of a business sagacity that might be copied in 
many other things with beneficent results. 

A further notable feature in the character of this man’s benevo- 
lence is the fact that it is all carefully planned beforehand; some- 
times for years, and then the plans so matured are carried out 
systematically to the end, evenin regard to the details of the 
giving by others which are required to treble or quadruple his 
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own conditional promises. This phase of his philanthropic work 
is not a fad ora spasm in declining age, but it has been a genu- 
ine business habit covering more than fifty years of the best part 
of his active life. If we follow the record back to 1854, even then 
this noble work was going on, and the sum total of this young 
man’s useful gifts had reached a quarter of a million of dollars. 

Now all this points plainly to gifted leadership in wise thinking 
and in large, benevolent doing for two generations past; for men 
that succeed, from small beginnings, must think and must act on 
a large scale to reach such a level of high merit and to maintain 
it with conspicuous honor for a long life. 

But one of the surest tests of the value of a good and useful 
life is the esteem in which it is held where it is best known. As 
Dr. Pearsons’ birthday came last month, many congratulations 
were sent South, where he has been spending the winter, in search 
of him, and some waylaid him on his way home. 

The ‘Hinsdale Doings,”’ extends its greetings to Dr. Pearsons 
at his recent home-coming in very fitting words. It says: ‘‘Hins- 
dale has just cause to be proud of her illustrious citizen. His 
reputation is national, and the honor in which his name is held 
reflects some of its glory on our quiet, conservative little town. 
The presence of so strong a character among us—oze so devoted 
to the uplift of American youth—so unwavering in his steadfast 
purpose to help only what is best, should make us grateful to 
own him as a friend; should make us proud and happy.” 

What a real and lasting joy it must be to a man to be thought 
of inthis way. What a pleasure to know that so many triends 
remember him so truly and so kindly. There can be no joy on 
Earth more roval, more satisfying, more uplifting than that 
which comes from the consciousness of large-hearted benevolence, 
well placed to meet the real and the pressing needs of the present 
and the future. The great joy thdat has come to Dr. Pearsons for 
his princely giving is richly deserved. Let that joy abound more 
and more, and let it fill and overflow all his coming years, in un- 
restrained way asa bright promise of better things to come. 

In the frontispiece to this number we have tried, with pains- 
taking care, to represent Dr. Pearsons, as he now looks, that our 
readers may see a picture of the face of the man so many people 
delight to honor. 
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PLANET NOTES FOR JUNE. 
H. C. WILSON. 


Mercury in June will be morning star visible toward the northeast an hour 
before sunrise during the first two weeks. The planet will be at greatest*elonga- 
tion, west from the Sun 23° 46’, on June 8. 


AURUS 





sou CRIZON 


THE CONSTELLATIONS AT 9 P. M. JUNE 1, 1904. 


Venus is coming in close to superior conjunction, being only about 11° west 
from the Sun at the beginning of the month. Conjunction will not occur until 
July 7. Just how long the planet may be seen with the naked eye during this 


WEST HORIZON 
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month is an open question. Probably where the atmosphere is transparent near 
the eastern horizon the planet may be followed during the greater part of the 
month. 

Mars having passed conjunction with the Sun on May 30 will not be visible 
during June. A conjunction of Mars with Venus will occur on June 18, when 
however neither planet can be readily seen. 

Jupiter is morning star rising about three te four hours before the Sun and 
being near the meridian about 8 o’clock in the morning. Jupiter is now north of 
the equator, in the constellation Pisces and will be in good position tor observa- 
tion during the summer. 


Saturn is in Capricornus, near the meridian toward the south at 4.a.M. The 
rings of Saturn are inclined about 16° to the line of sight so that their details of 
structure may be well seen during this summer. 

Uranus will be at opposition June 19 so that this month and the next will 
afford the best opportunities for the study of this planet during the year 
Neptune is behind the Sun, being at conjunction June 27. 


The Moon. 


Phases. Rises Sets. 
Central Standard Time at Northfield. 
Local Time 13m less.) 
1904 h m h m 
June 6 Last Quarter .........000.00. 12 42a.M 12 28P.M 
13 DUT DE OO cenesssassansiccsnaes Lb 86 * 7 = = 
19-20 First Quarter............. at 2.“ 12 O7 a. M. 
27-26 FUE BEGOM......seccsesssesis 7 44 P.M. a ae * 


Occultations Visible at Washington. 


IMMERSION EMERSION. 

Date. Star's Magni- Washing- Angle Washing Angle Dura- 
1904. Name, tude. ton M.T. fm N pt ton M.T. f'm N pt. tion. 
h m h m ” h m 

June 9 25 Arietis 7.3 16 38 82 17 45 23 1 7 
22 96 Virginis 6.5 6 43 122 8 1 288 1 21 

24 49 Libre 5.6 8 12 SY 9 32 306 1 20 

30 18 Aquarii 5.4 i3 33 } 14 1 320 0 33 


COMET AND ASTEROID NOTES. 


New Comet a 1904 (Brooks).—A new comet was discovered by W. R. 
3rooks, of Geneva, N. Y., on the night of April 16 at 9955" E.S. time. It was 
then in the northern part of the constellation Hercules and moving in a north- 
westerly direction. The comet has since been found on the photographs at Har- 
vard College Observatory taken on the nights of March 11, 15, April 1, 2,5, 13 
and 16, prior to the announcement of discovery by Professor Brooks. These 
early photographs will be of great value in giving a quick determination of the 
comet’s orbit. 

As seen at Goodsell Observatory on the night of April 18, the comet is easily 


visible, but not at all conspicuous, with a 5-inch telescope. With the 16-inch 
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telescope it reveals the characteristic features of a small bright comet: a nucleus 
of about the 10th magnitude, a rounded head or coma of perhaps 2’ diameter 
and a faint, spreading tail about 10’ long. 

The following observations are at hand, most of them having been trans- 


mitted by telegraph through the courtesy of Harvard College Observatory: 


Greenwich M. T. R.A. Decl. Observer. 
d h m s ; , 7 

Mar. 11.872 18 2 20 +17 28 B.©.0, 
** 15.899 17 56 9 20 21 si 

Apr. 1.889 17 26 45 34 29 _ 
ba 2.826 17 25 30 35 3 si 
aes 5.850 17 20 20 37 rf a 
“ 13.825 7 4 4 42 28 = 
“ 16.618 16 58 10 44 10 Brooks. 
** 16.855 16 56 29 44 23 a. @. 
** 16.870 16 56 32 44 22 
* 17.562 16 55 5 44 48 Brooks. 
“ 17.6579 16 55 50.18 44 51 30.1 Naval Obs. 
** 17.6592 16 55 49.6 44 51 32 Seares. 
“17.6661 16 55 48.87 44 51 50.1 Naval Obs. 
* 147.1132 16 55 40.8 44 53 37 Aitken. 
* Went 16 55 14.51 44 59 37.6 Naval Obs. 
* 18.6289 16 53 7.6 45 27 56 Seares. 
* 18.6891 16 §2 57.5 45 30 13 Wilson. 
“20.6677 16 47 18.4 +46 42 651 - 





The positions marked H. C. O., including five before the comet was discov- 
ered, are derived from the Harvard photographs. The positions are for 1855. 
They are only approximate and depend on Durchmusterung places of the stars. 
Two photographs taken at Harvard on April 16, with an objective prism, show 
a nearly continuous spectrum with a slight increase in light at two points, so 
that the distribution of light seems to be the same as in a similar photograph of 
Comet VII, 1898. 


The following elliptic elements, communicated by telegram from Professor A. 
O. Leuschner, have been computed by Ralph Curtiss and Sebastian Albrecht from 
observations on April 17,18 and19. They represent the general path of the 
comet as derived from the Harvard photographs tairly well. 


Epoch 1904 Apr. 18.62 Gr. M. T. 


M = 159° 08’ @q@ (at) = 1.7177 
w= 258 57 e = 0.1773 
Q=272 13 Period = 3.02 years. 


722126 89 


From these elements the following ephemeris is computed: 


Gr. M. T. R. A. Decl. Brightness. 
h m s ‘ , 
Apr. 21.5 16 44 32 +47 13 0.98 
25.5 16 31 OS8 49 30 
29.6 16 16 O8 51 34 
May 3.5 15 59 44 53 22 0.88 


The diagram shows that the comet was in the northern part of the constel- 
lation Hercules when discovered and that it passed through a large part of that 








Comet and Asteroid Notes. 351 








constellation during the period covered by the Harvard photographs. During 


May it will pass through a part of Draco into Ursa Major. 

















Pata OF COMET a 1904, BROOKs. 


Parabolic elements were computed by Professor Miller from observations on 
Apr. 16, 17 and 18, but these appear to be seriously in error and so will not be 


given here. 


Definitive Orbit of Comet 1898 X.—In A. N. 3934 Mr. S. Scharbe, of 
Jurjew-Dorpat, gives the following elements of the comet 1898 X, based upon 
266 observations combined into six normal places 

ELEMENTS ON COMET 1898 X. 


Elliptic Parabolic 

Osculation Nov. 5.0, 1898 Nov. 5.0, 1898 
T = 1898 Nov. 23, 195124 Nov. 23, 189594 Berlin 
o= 123 Sy @s.70 123 31’ 53”’.96) 
Q=> 96 18 12 .46 96 18 14 .47/1898-0 
i 140 20 57 .50 140 20 51 .52 

log g = 9.8785038 9.8785281 

e = 0.9997421 1.0000000 


The elliptic elements represent the observations slightly better than the para- 


bolic, but not enough better to give a decisive choice between the two sets of 


elements, 


Discovery of Comet Brooks—a 1904.—On the evening of April 16 
at 9:50 Standard time I discovered a comet in the constellation Hercules. Its po- 
sition at discovery was R. A. 16" 58™ 105; declination north 44° 10’. 

A second observation was obtained on the evening of April 17, with a posi- 


tion in R. A. 16555™ 5°; declination north 44° 48’, thus giving a daily motion of 
three-quarters of a degree in a northwest direction. The comet isa fairly bright 


tclescopic one with a short tail. WILLIAM R. BROOKS. 


SMITH OBSERVATORY, Geneva, N. \ 
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Variable Stars. 


New Asteroids.—The following have been added to the 


since our last note: 


Discovered 
by at 


1904. NJ 
1901 NK 
1901 NL E 
1902NM ‘“ a“ 
1904 NN lee ee 
1904 NO sa 
1904 NP r = 
1904 NO 

1904 NR 

1904 NS es 

1904 NT s 


Wolf Heidelberg 


1904 Mar. 
1901 Jan. 
1901 May 
1902 Oct. 


Local M. T. 


4 
17 
9 
s 


1904 Mar. 14 


14 
14 
14 
18 
18 
18 


NYINDMW DW’ 





list of new planets 


A. Decl. Mag. 

h m ° ‘4 

9 55.8 658 14 
12 28.1 24 54 11 
13 42.3 4701 11 

1 49.6 20 59 13 
10 14.9 745 12.5 
10 22.7 +1247 13.2 
12 33.8 — 017 12.0 
12 48.¢ 237 13.3 
14 27.8 — O 5 134.0 
1264.0 + 8 1 12.5 
13 00.9 8 86 i862 


1904. NJ was found near the place of the lost planet (310) Margarita, but 
does not seem to be identical 


with it. 


examining old plates taken in 1901. 


1901 NK and NL were found recently in 


1902 NM was found while looking for old 


photographs of 1898 DW, with which planet the new asteroid 1903 NF was sup- 
posed to be identical. 1904 NP has been found to be identical with (255) Op- 


pavia. 


Maxima of UY Cygni. 


Period 13% 27™ 275.6. 


a 


June 1 20 June 
2 23 
+ 1 
5 a 
6 7 
7 10 
8 13 


VARIABLE STARS. 


The minimum occurs 1" 55" before the maximum. 


t 


1 
1 


i 
6 


c 


June 17 


Maxima of Y Lyre. 


d h 
June 25 9 
26 12 
27 15 
28 18 
29 20 


30 23 


Period 12" 03.9". The minimum occurs 1° 40" before the maximum. 


d h 
June 1 10 June 
2 10 
3 10 
4 10 
5 11 
6 11 
7 11 
8 11 


1 
1 
1 
1 
1 
1 
1 
1 


Nod soHHK ee 


1 


June 


ph ek pe pk pe ek et 


vo Go Ge Co to bt be 


d h 
June 25 13 
26 13 
27 13 
28 14 
29 14 
30 14 
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Minima of Variable Stars of the Algol Type. 


[Greenwich 


which occur in the night in the United States 


Mean Time beginning with noon The 1} 


To obtain E 


5 hours; for Central Standard time subtract 6 hours, etc.] 


U Cephei. 


d 
June 3 8 
>» 20 
8 & 
10 20 
13 i 
15 19 
18 7 
20 19 
23 7 
25 18 
28 6 
30 18 


Z Persei. 


June 1 6 
4 7 

rj 9 

10 10 
13 11 
16 13 
19 14 
22 15 
zo if 
28 18 

Algol. 

June 3 19 
6 16 

9 13 

12 9 
15 6 
18 3 
21 0 
23 21 
26 18 
29 15 


RR Puppis. 


June 3 20 
10 6 
16 16 
23 2 
29 13 


V Puppis 


June 2 6 
3 16 
6 14 
8 
» 
10 23 
12 10 
i3 21 
15 Ss 
16 18 


V Puppis. 

d 
June 18 5 
19 16 


) 


22 14 
24 1 
25 12 
26 23 
28 10 
29 21 
S Cancri 
June S as 
18 5 
27 16 


S Antliz. 


Period 7" 46", 
June 1 7 
2 6 

3 6 

4 65 

5 4 

6 1 

7 3 

Ss 2 

9 2 

10 1 

1) O 

12 O 

12 23 

13. 22 

14 22 

iS 21 

16 20 

17 20 

18 19 

19 18 

20 18 

21 17 

22 16 

23 16 

24 15 

25 14 

26 14 

27 13 

28 12 

29 12 

SO 2] 

S Velorum. 
June 3 2 
9 1 

14 23 

20 21 

26 20 


W. Urs. Maj 
i 


Period 4" 0.2 June 


June 1-13 7 


14-31 8 
RR Velorum 
June 1 1 
a me 

$f 18 Uy 
6 14 

8 11 June 
10 7 
12 } 
14 O 
15 21 
ce. a2 
19 14 
21 10 
23 7 
25 3 
a | 0 

28 20 June 
30 17 
Z Draconis 
June 1 12 
2 21 
4 5 

5 14 I 

6 22 Jun 
Ss ‘ 
9 15 
11 0 
12 9 
138 17 
15 2 
16 10 
17 19 
19 4 
20 12 
21 21 
4a fs) 
24 14 
25 22 
D8 16 
s0) 8) 

> Librae 

June 1 16 
} 0) 
6 S 
S 16 
11 0 
13 7 


10urs trom 12 to 24 are those 
astern Standard time subtract 


6 Libre. U Ophiuchi. 
i d 
15 15 June 23 12 
17 23 24 8 
20 7 25 4 
aa 1S 26 0 
24 23 26 20 
27 7 27 16 
29 14 28 12 
n 29 Ss 
Coronae. 20 5 
. 9 1 > , 
a 12 Z Herculis 
g 29 June 1 19 
12 9 3 22 
15 20 5 19 
19 7 4 22 
22 18 9 19 
26 ‘ it 22 
299 16 13 19 
15 22 
R Are. 17 19 
+ 1 19 21 
S ta 21 18 
12 99 23 21 
17 RQ 25 18 
21 18 as 622i 
26 4. 29 18 
30 14 RS Sagittarii. 
Ophiuchi. June - & 
4 18 
1 16 = 1 
2 12 9 14 
= 12 0 
> * 14 10 
v 1 16 20 
» 21 
6 17 19 6 
pa ‘ 21 16 
‘ 13 24 2 
> 3 26 12 
9 ) IQ 9 
10 1 
10 22 RX Herculis 
11 18 June 1 7) 
12 14 y 4 2 
13 10 2 23 
14 6 3 21 
15 2 4 #18 
15 22 5 16 
16 18 6 13 
17 15 7 10 
18 11 bal s 
19 7 9 5 
20 10 2 
0 23 11 O 
1 19 11 21 
22 15 12 18 
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Minima of Variable Stars of the Algol Type.—Continued. 


RX Herculis. RV Lyre. SW Cygni. V VCygni. Y Cygni. 
d h d h d h d h d h 
June 13 16 June = +3 June = 15 June 4 22 June 2 2 
14 13 232 5 5 6 10 317 
15 10 26 16 20 19 7 21 5 "3 
1e 68 30 ‘ we k. 9 8 6 17 
4 5 P 29 22 y) } £ 
bd 2 U Sagitte. _ 7” " ; B 
Cygni. o _ 
19 O une + +22 “5 13 19 11 1 
19 21 J 1 21 June S 3 15 «6 12 16 
20 18 gS 6 7 14 16 18 14 #1 
21 16. 11 15 11 1 19 17 15 16 
22 13 15 O 14 #12 21 + 17 1 
23° 10 ig 9 17 23 22 16 18 16 
24 68 21 18 21 10 24 3 20 1 
25 5 25 4. 24 20 25 14 21 16 
26 2 28 13 28 7 2 2 23 1 
27 60 ' = 28 13 24 16 
27 21 SY Cygni. W Delphini. 30 1 261 
28 19 > 2 9 27 16 
29 16 June 6 18 ‘one : oa 29 1 
30 13 a. 18 13 11 30 16 
18 18 18 7 VW Cygni. 
RV Lyre. = Hr 23 2 - oe 
: ¢ a7 Z Cygni. 
June a. 3 27 21 " 
fa 9 ae ‘ 4 ‘ - 
. « SW Cygni. Per teens June 3 7 
8 16 ve hee 11 18 June 20 19 
12 7 June 2 12 June 1 23 20 4+ 
15 21 7 2 3 ii 28 15 


Maxima of RZ Lyre. 


Period 12" 16™ 153.0. 


d h d h d h d h 

June 1 16 June 8 20 June 16 8) June 23 4 
2 17 9 21 17 0 24 4 

3 ag 10 21 18 1 25 5 

+ 18 11 22 19 1 26 5 

5 18 12 22 20 2 27 6 

6 19 13 23 21 3 28 6 

7 20 14 23 22 3 29 7 

30 7 


Ephemerides of Long Period Variables.—In A. /. 560 Dr. S. C. 
Chandler gives ephemerides of the maxima occurring between 1903 and 1910, for 
all the long period variable stars contained in his third catalogue, computed from 
the revised elements given in A. J. 553. 


Secondary Minimum of UZ Cygni.—A letter has been received at the 
Harvard College Observatory from Professor Kreutz at Kiel Observatory, stating 
that “the star of Algol type UZ Cygni (BD. + 43°4101) has a bright secondary 
minimum May 3d. Hartwig.” 


Harvard College Observatory Astronomical Bulletin, No. 152, Apr. 21, 1904. 
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Variable Stars of Short Period not of the Algol Type. 


Minimum. Maximum. Minimum. Maximum. 
d h c h d h d h 

Y Sagittarii June 110 June 3 5 6 Cephei June 15 18 June17 3 
V Velorum 113 2 12 » Aquilae 15 21 is 6 
n Aquila 13 3 22 U Vulpeculae 16 O 18 3 
R Crucis 16 3 1 S Muscae 16 3 19 14 
S Triang. Austr. 17 3.19 S Crucis 16 4 17 16 
V Centauri 19 3 6 T Crucis 16 17 18 18 
S Sagittze 22 5 8 T Monocerotis 16 21 24 19 
S Crucis 2 3 14 B Lyre 17 3 20 10 
S Normae 5 6 15 RV Scorpii an | 18 17 
T Vulpeculae 8 3.17 Y Ophiuchi 17 13 23 18 
x Pavonis sS) 6 4 T Velorum 17 18 1i9 3 
T Crucis 6 5 7 V Centauri 18 6 19 17 
T Velorum 20 5 5 S Sagittae 18 16 22 2 
SU Cygni 20 5 4 Y Sagittarii 18 17 20 12 
8 Lyre 5 7 12 X Sagittarii 18 19 21 16 
X Sagittarii 19 7 16 R Crucis i9 3 20 12 
5 Cephei 1 6 10 U Aquilae i9 3 ai 67 
U Aquilae 5 2 7 7 SU Cygni 19 6 20 14 
RV Scorpii 5 4+ 6 14 V Carinae 19 12 21 16 
W Virginis 5 20 14 1 V Velorum 20 1 21 O 
V Velorum 5 22 6 21 T Vulpeculae 20 2 21 i} 
V Carinae 6 4 8 8 U Sagittarii 20 3 23 2 
W Sagittarii 6 6 9 6 «x Pavonis 2V0 13 24 8 
S Muscae 6 1l 9 22 8. Triang. Austr. 20 16 22 18 
U Sagittarii 6 15 9 14 S Crucis 20 20 = 8 
T Vulpeculae 6 18 8 3 6 Cephei 21 3 22 12 
S Crucis 6 19 8 7 W Sagittarii 21 10 24 10 
V Centauri ; 8 8 18 S Normae 21 17 26 3 
Y Sagittarii 7 10 9 5S T Velorum 22 9 23 18 
R Crucis 4 ia 8 21 » Aquilae 23 «1 25 10 
SU Cygni 7 16 9 9 SU Cygni 23 3 24 10 
S Trianguli Austr. Se 1 10 3 W Virginis 23 3 31 8 
U Vulpeculae 8 1 10 + RV Scorpii 23 9 24 19 
X Cygni & 14 11 V Velorum 23 9 24 8 
T Velorum 8 11 9 20 T Crucis 23 10 25 11 
7 Aquilae 8 17 11 2 TX Cygni 23 10 28 13 
TX Cygni $17 13 20 B Lyrae 23 14 26 16 
T Crucis 9 23 12 O V Centauri 23 18 25 5 
V Velorum 10 7 11 6 U Vulpeculae 24 O 26 3 
S Sagittz 10 7 13 17 T Vulpeculae 24 12 25 21 
5 Cephei 10 9 11 18 Y Sagittarii 24 12 26 7 
B Lyre 10 16 13 18 X Cygni 24 15 30 20 
T Vulpeculae ti 6S 12 14 R Crucis 24 23 26 8 
RV Scorpii 11 6 12 16 S$ Crucis 25 13 ac C8 
x Pavonis ai 13 15 6 S Muscae 25 18 29 3d 
S Crucis Ai ii 12 23 X Sagittarii 25 20 28 17 
SU Cygni 11 13 12 21 U Aquilae 26 4 28 8 
X Sagittarii 11 19 14 16 V Carinae 26 6 28 10 
S Normae 11 23 16 9 6 Cephei 26 12 27 21 
U Aquilae i2 3 14 7 U Sagittarii 26 21 29 20 
V Centauri 12 19 14 6 SU Cygni 26 22 28 6 
V Carinae 12 20 15 O T Velorum at ® 28 9 
Y Sagittarii 12 23 14 18 S Triang.Austr 27 0 29 2 
T Velorum 13 2 14 11 S Sagittae 27 «1 30 11 
R Crucis 13 7 14 16 V Velorum ar id 28 16 
U Sagittarii i3 11 16 10 x Pavonis 28 15 32 10 
‘N Sagittarii 13 20 16 20 T Vulpeculae 2& 23 30 8 
5 Triang. Austr. 14 8 16 10 W Sagittarii 29 1 32 1 
V Velorum 14 16 5 15 V Centauri 29 6 30 17 
SU Cygni 15 9 16 7 RV Scorpii 29 10 30 20 
T Vulpeculae 16 15 7 10 B Lyrae 30 1 33 «8 
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Variable Stars of Short Period not of the Algol Type.—Continued. 
£ yl 


Minimum. Maximum. Minimum, Maximum. 

d ih d ih d h S$ bd 

1. Crucis June 30 4 June 32 1 7 Aquilae June 30 6 June 32 15 
S Crucis 80 5 31 17 SU Cygni 30 18 32 2 
Y Sagittarii 30 6 32 1 R Crucis 30 19 32 4 





Approximate Magnitudes of Variable Stars Apr. 10, 1904. 


(Communicated by the Director of Harvard College Observatory, Cambridge, Mass.] 


Name. m. A. Decl. Magn. Name. mR. A Decl. Magn 
1900. 1900. 1900. 1900. 
h m ’ J h m ? ¥ 

T Androm. O 17.2 + 26 26 s R Camel. 14 25.1 + 84 17 107 
T Cassiop. O 17.8 +55 14 8.8d R Bootis 14 32.8 +27 10 7.0: 
R Androm. O 18.8 +38 1 7.5d S Librae 15 15.6 —20 2 12d 
S Ceti 0 19.0 — 9 53 s SSerpentis 15 17.0 +14 40 13; 
S Cassiop. 1 12.3 +72 5 13d SCoronae 15 17.3 +31 44 7.5d 
R Piscium 1 26.5 + 2 22 sSUrs. Min. 15 33.4 + 78 58 10.5d 
R Trianguli 1 31.0 + 33 50 11.5d RCoronae 15 44.4 + 28 28 5.6 
U Persei 1 52.9 + 54 20 11.5d V ” 15 45.9 +39 52 9°5d 
R Arietis 2 10.4 + 24 36 13f RSerpentis 15 46.1 +15 26 127 
o Ceti 2 14.3 — 3 26 s R Herculis 16 1.7 +18 38 14d 
S Persei 2 15.7 +58 8 11 R Scorpii 16 11.7 —22 42 9 
R Ceti 2 20.9 — O 38 s -4 16 11.7 — 22 39 12 
yp * 2 28.9 —13 35 s U Herculis 16 21.4 +19 7 8d 
R Persei 38 23.7 35 20 10: W Herculis 16 31.7 + 37 32 10d 
R Tauri 4 22.8 + 9 56 12.0d RDraconis 16 32.4 + 66 58 10.3d 
S ni 4 23.7 + 9 44 12.0d S Herculis 16 47.4 +15 7 13d 
R Aurige 5 9.2 +53 28 8.0d ROphiuchi 17 2.0 —15 58 13d 
U Orionis 5 49.9 20 10 7.51 T Herculis 18 53431 0 8.87 
R Lyncis 6 53.0 +55 28 12i R Scuti 18 42.2 — 5 49 u 
R Gemin. 7 1.3 + 22 52 13.2d R Aquilae 19 16+ 8 § 8g 
S Canis Min. 7 27.3 + 8 32 &8d RSagittarii 19 10.8 —19 29 u 
R Cancri 8 11.0 +12 21ld § ’ 19 13.6 —19 12 u 
V " 8 16.0 +17 36 Si R Cygni 19 34.1 +49 58 12d 
S Hydrae 8 48.4 + 3 27 10.7d RT “ 19 40.8 +48 32 107 
‘9 es 8 50.8 — 846 9d xX * 19 46.7 +32 40 11d 
R Leo. Min. 9 39.6 +34 58 12d SCygni 20 3.4 + 57 42 t 
R Leonis 9 42.2 +11 54 8s.0i RS “ 20 9.8 +38 28 8 
R Urs. Maj. 10 37.6 +69 18 13.5 R Delphini 20 10.1 + 8 47 t 
R Comae 11 59.1 +19 20 f VU Cygni 20 16.5 +47 35 7.51 
T Virginis 12 9.5 — 5 29 10.5d V as 20 38.1 +47 47 = 9.5: 
R Corvi 12 14.4 —18 42 10.0d T Aquarii 20 44.7 — 5 31 u 
Y Virginis 12 28.7 — 3 52 11.3d R Vulpec. 20 59.9 + 23 26 10 
T Urs. Maj. 12 31.8 +60 2 12.2: z Cephei 21 82+68 5 6.5d 
R Virginis 12 33.4 + 7 32 10.8d § 21 36.5 +78 10 7 
S Urs. Maj. 12 39.6 + 61 38 8.6i S Lacertae 22 24.6 + 39 48 s 
U Virginis 12 46.0 6 610.87 R “ 22 38.8 +41 51 s 
V 13 22.6 — 2 39 13d _ S Aquarii 22 51.8 —20 53 s 
R Hydrae 13 24.2 —22 46 4.5 R Pegasi 2% 16+10 0O s 
S Virginis 13 27.8 — 641 13d S§S _ 23 15.5 + 8 22 s 
RCan. Ven. 13 44.6 +40 2 9.57 R Aquarii 23 38.6 —15 50 s 
S Bootis 14 19.5 +54 16 13d RCassiop. 23 53.3 +50 50 7.5d 


Note:—f denotes that the variable is probably fainter than the magnitude 
13; 1, that its light is increasing; d, that its light is decreasing; s, that it is near 
the Sun; wu, that its magnitude is unknown. 

Derived from observations made at the Halsted, McCormick, and Harvard 
Observatories. 
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49.1902 Orionis.—This is one of the variables discovered by Dr. Max 


Wolf in the Great Nebula of Orion (see PopuLar Astronomy, Volume 12, page 
62). It is interesting on account of being the brightest, with possibly the excep- 
pears certain from the Heidelberg and Harvard photographs. A chart of the 


region is given by Wolf in A. N. 3935. 


tion of T Orionis, of the seventy-one stars in this region whose variability ape 


Five observations of this star made with an equalizing wedge photometer 


attached tothe 58.4 cm. (23-inch) refractor indicate a rapid variation anda 

bserved it 4.13 magnitudes fainter than BD. — 
4°1216, 9™.5, but on April 14 it was 0.48 magnitudes brighter than the same 
star, thus making an increase of 4.61 magnitudes in 36 days, or at the rate of 


large range. On March9,I o 


0.13 magnitude aday. A slightly red color was noted at the last three obser- 
vations. ZACCHEUS DANIEI 
PRINCETON, New Jersey, 1904 April 18 


New Variable 9.1904 Orionis.—In A. N. 3935 Professor W. Luther 
states that the star 4° following the variable U Orionis, No. 41 of Hagen’scharts, to 
which Professor Hagen assigns the magnitude 10.9, is also variable to the extent 
of about one magnitude. It was unusually faint on the dates 1898 Jan. 17, 1901 
Feb. 7, 1902 Dec. 5, 1903 Feb. 26 and 1904 Jan. 20. It was unusually bright on 
the dates 1903 Mar. 21 and 1904 Feb. 15. A period of 41.4 days would serve to 
represent these observations. The position of the star for 1855 is 

R. A. 5° 47" 16.°2; Decl 20° B.’7 


New Variable 10. 1904 Monoceros.—In A. N. 3935 Rev. T. D. Ander- 
son announces a new variable near the star BD. +5° 1546. It was first seen 
early in 1902 (date not recorded), when the two stars were nearly equal in 
brightness, about 9.5 magnitude. On March 15, 1902, it was invisible with a 
three-inch refractor. Mr. Anderson searched for the star during the first three 
months of 1903 and during the present year but was unable to see it until March 
9, when it was only 0.1" or 0.2™ fainter than BD. +° 1546. The position of the 
star for 1855_is 


R. A. 65 59" 478; Decl a a ¢. 


New Variable 11.1904 Orionis.—This new variable was found by 
Professor Wolf, of Heidelberg, on two photographic plates, taken on Jan. 10, 
1904. Its position for 1900.0 is 


R. A. 55 32™ 35.63: Decl 1 149’ 55’’.4 
From an examination of sixteen plates taken between Dec. 31, 1890, and Jan. 
10, 1904, the variation seems to be from 11.0 to less than 14 magnitude. The 
period is not determined. 


New Variable 12.1904 Geminorum.—This is also found by Professor 
Wolf. Ona plate taken Mar. 20, 1904it was about 10.0 magnitude, but upon 
earlier plates taken in 1891, 1892, 1902 and 1903 it was either invisible or only 
13 or 14 magnitude. Its position for 1855 is 

R. A. 6" 38™.1; Decl. + 18° 47’. 
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New Variable 13.1904 Leonis.—Professor Wolf states that a star of 
the 12th magnitude was found on a plate taken Feb. 21, 1901, which is missing 
entirely from earlier photographs, as well as from others taken this year. Its 
position for 1900 is 

R. A. 10° 11™ 60*.0; Decl. 4+- 12° 53° 12”. 





New Variable Star 14.1904 Cygni.—Professor W. Ceraski of Mos- 
cow announces this star in A. N. 3940. It was found upon photographic plates 
by Mme. L. Ceraski. Its position for 1855 is 

R. A. 20 0°.4; Decl. + 58° 32’ 
and the variation is from 10.7 to 11.6 magnitude. The period is short, about 
3.2 hours, and the light curve resembles that of the “cluster type” of variables. 


Observations of Nova Persei. 


¥.- M. D. H. M. J. Day. Comparison. 
1904 2 20 8 O 2416531 S1VV1%t 
‘ ~ ee t 2 6533 SIVV2t 
“ _ -@ 7 40 6548 SwVV2t 
“ = . ¢ 5&5 - Var=S 
a ~ Ae 8 20 6552 rl¥%VV1S 
7 ~ is 7 80 6553 S1wVVI1t 
Le t 35 6556 SYeVV2t 
a ben ae 7 5 6557 SUV4VV2Mot 
(ae 7 15 6560 S1VV1%t 
‘a ee 9 35 6563 SloVV2t 
‘ “ 24 7 5 6564 S1VV2t 
“ « 98 7 20 6568 Var=S 
‘ * 25 7 20 6569 SWVV2bet 
- + 7 45 6575 S1VV1Yot 
se =~ © 8 O 6576 SVUVV2yat 
“ “ 10 8 10 6581 SYwVV2t 
“ ‘“ 492 8 O 6583 S1VV1%t 
“ “ 46 7 40 6587 SleVV2t 
s oe: Sw 7 30 6588 SYVV2Yet 
ae + 2h 7 50 6591 SVV2Mt 


This object does not vary much now. It has been nearly stationary for two 
months, except on the night of March 12 when it was about 2/10 of a magni- 
tude brighter than normal F. E. SEAGRAVE. 





GENERAL NOTES. 


We expected confidently that this number of our publication would reach our 
foreign readers before the first of this month, but the new Linotype has been so 
balky that it has made us more work than the old ways of type-setting. We 
hope for better results next month. 


Comet a 1904 (Brooks) has given observers something to do in getting 
the positions of the new visitor. Some of the places that have been sent us were 
far out of the way, and we have not used them. The apparent path of the comet 
among the stars elsewhere given is probably closely correct. The diagram of its 
orbit will be given next month. 
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Students’ New Observatory at Berkeley.—lIn the last issue of the 
Publications of the Astronomical Society of the Pacific is found a cut illustrating 
the students’ new Sbservatory located at Berkeley, California. Its purpose is to 
supplement the instruction in astronomy given at the University of California, 
and from the description of it given by Professors Campbell and Leuschner the 
equipment seems to be admirably adapted to the end desired. 

Those who have set this noble work forward and made the results already 
realized possible, are to be commended for their liberality and wise foresight in 


one of the most practical things that could be done for elementary astronomy. 


The Companion of Algol.—The following interesting note on the Com- 
panion of Algol is given by Mr. J. E. Gore, F. R. A.S.,in the Journal of the 
British Astronomical Association, Vol. XIV, No. 5. 

“It is usually assumed that the companion of Algolis a dark body. But if 
by the term “‘dark”’ is meant a body resembling the Earth or even Jupiter, I fail 
to see there is any warrant for such an assumption. From spectroscopic obser- 
vations Vogel found the diameter of Algol to be 1,074,000 miles, and its mass 
4/9ths of the Sun’s mass, and for the companion a diameter of 840,000 miles 
and a mass equal to 2/9ths of the Sun’s mass. This result was obtained on the 
assumption that hoth compounds are of the same density—about one-third that 
of water. Butit seems very difficult or impossible to suppose that a dark body 
of such a comparatively large mass—about 233 times the mass of Jupiter— 
could have so small a density, Jupiter’s density being about 1.27, or over 3 times 
that of the Algolcompanion. As Jupiter has probably some inherent light of 
its own, it seems highly probable that the companion of Algol also shines by in- 
trinsic light. Let us see what brightness the companion could have without sen- 
sibly affecting the observed light variation of Algol. Chandler finds for Algol a 
probable parallax of 0”.07. The Sun placed at the distance indicated by this 
parallax would, I find, be reduced to a star of 5.84 magnitude. Now the photo- 
metric magnitude of Algol being 2.31, it would be 3.53 magnitudes or nearly 26 
times brighter than the Sun. Let us assume that the companion has this magni- 
tude of 5.84. Then, when in the course of its orbital revolution round Algol, the 
companion is hidden behind the bright star, the normal light of Algol would be 
reduced by its 27th part. This means that the light of Algol would be dimin- 


ished by about 0.04 magnitude, or from 2.31 to 2.35. This difference would not 
be perceptible to the naked eye, and could hardly be determined with certainty 
even with the most delicate photometer. 

The spectrum of Algol is according to Professor Pickering, B. 8. A., that of 
Sirius being A. Comparing the twostars and assuming the surface brightness to 
be the same, I find a parallax of 0”.11 for Algol. This would reduce the Sun to 
a star of 4.84 magnitude, and if we suppose the Algol companion to have this 
brightness, then Algol would be 10.28 times brighter than the companion, and 
when the latter was hidden behind the bright star the light of Algol would be 
reduced from about 2.31 to 2.41, and even this difference could hardly be deter- 
mined with certainty. 

Observations by Plassmann and others seem to show some fluctuations in 
the light of Algol during its normal period, but to a greater extent than indi- 
cated by the above computations. If these observations are correct and the 
variations are due to the eclipse of the companion, then its brightness might be 


even greater than indicated above. But in that case the spectroscope would 
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probably show it. With a brightness of even the 7th magnitude, the companion 


could not be called a ‘‘dark3body.”’ 


Ephemeris of Wolf’s Comet 1884 III.—This ephemeris, given by 
Dr. Berberich in A. N. 3940, comes to hand too late to be put in its proper place 
under ‘‘Comet Notes.’’ The comet is not due at perihelion until May 4, 1905, 
but then will be very unfavorably situated for observation. It may possibly be 
detected, with the aid of powerful telescopes, when near opposition during this 
summer. Opposition occurs on June 16, when the comet will be more than twice 
as far from the Earth as the Earth is fromthe Sun. The theoretical brightness 
of the comet during July will be almost equal to that which it possessed when 
last seen at the apparition in 1899. The elements depend upon the observations 
obtained at the first three apparitions of the comet, and the perturbations by 
the planets Jupiter, Saturn, Mars and Earth have been computed up to the end 
of the year 1904. 

ELEMENTS. 


Epoch: 1898 Aug. 22.0 1904 June 12.0 Berlin. 
jE 6° 68’ 10”.08 ai2” 62 22" .66 
we=mii2 5623 26 .52 172 6&0 38 .22 
Q= 206 29 3 .08 206 28 59 .6641900.0 

P= <5 13 15 .36 25 14 40 .20 
@= 33 Ad 2 0 33 48 59 .19 
uw = 518”’.36643 * 520’.05191 

log a = 0.5569131 0.5559733 


EPHEMERIS OF WOLF's COMET 1884 III, 


Berlin Midn. R. A. Decl. log r. log A. Br. 
1904 h m s : 
May 7 18 re 2 50.9 0.5298 0.4223 0.012 
11 18 1 1 3 218 
15 ta SO 22 + 4.2 0.5243 0.4044 0.014 
19 &7 23 4 39.7 
23 55 7 & 18:5 0.5186 0.3881 0.015 
27 52 35 5 46.6 
31 49 48 6 17.4 0.5128 0.3739 0.017 
June 4 46 47 6 46.0 
Ss 13 35 o ‘teow 0.5069 0.3622 0.018 
12 40 13 4 365.5 
16 36 45 t 88.7 0.5008 0.3533 0.020 
20 33 14 8 12.6 
24 29 42 8 26.1 0.4946 0.3473 0.021 
28 26 12 8 35.9 
July 2 22 48 8 42.2 0.4882 0.3444 0.022 
F 6 19 32 8 44.8 
10 16 27 8 43.8 0.4817 0.3442 0.022 
14 is 36 8 39.3 
18 11 O 8 31.6 0.4751 0.3466 0.023 
22 8 42 8 20.7 
26 6 45 8 6.9 0.4683 0.3510 0.023 
30 5 8 7 50.6 
Aug. 3 8 6&8 7 2s 0.4613 0.3570 0.023 
7 S: @ 7 ts 
21 17 2 oi + 6 48.0 0.4541 0.3645 0.023 


3ore’s Stellar Heavens.—A careful reader of Mr. Gore’s recent book, 
titled “The Stellar Heavens” has this to say about it: “In the chapter on Vari- 
ables, it appears to me that the author has not exercised very critical care in the 
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selection and compilation of his material. In the list of interesting stars, he has 
omitted the most interesting and easily observed of Miller and Kempft’s stars, 
SU Cygni, while/he has inserted U Vulpecule, which is very difficult of observa- 
tion, being too faint for the field-glass, and very inconvenient for the telescope.” 

“Among his Algol-type stars he mentions ‘Serpentis,’ which has for several 
years been officially known as RX Herculis, and which the writer found, two years 
ago, to have a secondary minimum, and to be more like 8 Lyre than Algol in the 
character of its variation.” 

‘“‘As to the list of Suspected Stars, I fear I have little inclination to examine 
any of them. I have dealt with many of Mr. Gore's suspected variables and can 
remember confirming only one, X Herculis. I have found several interesting 
cases of the effect of position angle among them, for one of which see A. J. 
XIV, 14.” 

“It seems perhaps a little ungracious to call attention to these points, but in 
view of Mr. Gore’s position among the English amateur astronomers, we have 
aright to expect more careful preparation of the matter he sends out. Itisa 
little singular that both Mr. Gore in his book, and Col. Markwick, in the paper 
recently reprinted in your pages, pass so lightly over the effect of position on the 


estimates of the relative brightness of two stars. Gore passes the subject | 


¥ 
with a quotation from Pickering (p. 83) without a word as to the importance 
of the matter, and Markwick (P. A. XII, 198) with a simple definition of it, and 
this with respect to a source of error whose influence I am still in fear of after 
many years of practice, and which I take ever increasing precautions to eliminate 
from my observations.” 

We have such full confidence in our correspondent’s accurate knowledge of 
the points made in the above criticism that we welcome them to our pages, and 
thank him for making them so freely, especially in regard to the things we had 
not noticed and which refer to the matter of our own publication. We also be- 
lieve that Mr. Gore will heartily welcome the friendly criticism herein made in 
regard to a few points in his latest book 


Director Campbell receives the Lalande Prize.—The French au- 
thorities, who have large sums available for such purposes, have pursued a most 
generous policy in making the awards for scientific discoveries and explorations 
not along national lines. Director W. W. Campbell, of Lick Observatory, has 
just been awarded the Lalande prize by the Paris Academy of Sciences for the 
most important work in astronomy. 

For 1904, they offer in addition to the Lalande prize, the Laconte prize 
($10,000) for a capital discovery in mathematics, physics, chemistry, natural 
history or medicine; and the Wilde prize ($800) for a discovery in astronomy, phy- 


sics, mineralogy, geology or experimeital mechanics. 


New Observatory at Amherst College.—The cuts of the new Ob- 
servatory herewith given show that the progress in construction is moving 
towards completion. The feature of having the Director’s house, near by, and 
part of the outfit of an observatory plant is an excellent one. In this Professor 
Todd is to be especially congratulated. Full description of the working parts of 
the Observatory will be given later. 
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Miss Sarah F. Whiting, for many vears Professor of Physics and Phy- 
sical Astronomy in Wellesley College, has just been made Director of the Whitin 
Observatory there, the administration of the affairs of the observatory being 
added to her duties as professor. Miss Ellen Hayes, Professor of Applied Mathe- 
matics in the same college, has been made Professor of Astronomy and Applied 
Mathematics. She is associated with Professor Whiting in the practical work 
carried on in the observatory. 


The Spectroscope for Small Telescopes. 
THE Epirors OF POPULAR ASTRONOMY: 

May I add a note to the description of a spectroscope for small telescopes in 
your April issue? 

I have asomewhat similar instrument made by Mr. Brashear which I pur- 
chased from an advertlser in your journal. I however have made the following 
alterations to it which considerably add to the comfort and pleasure of using it 
for solar prominence observation. First witha plain eyepiece in the collimator 
such an instrument brings the head of the observer into most uncomfortable po- 
sitions when observing certain parts of the Sun with a tangential slit. The first 
alteration I had made was to insert a total reflection prism to the sliding part of 
the collimator tube with an adapter to take the eyepiece. In my case this neces- 
sitated the substitution of a somewhat longer focussed object glass for that 
originally in the telescope of the spectroscope. Next for the straight slit I had 
substituted a curved slit the radius of which corresponds to the maximum size 
of the Sun’s image of my 3-inch refractor. The arc of this curve is about 120°. 
With four or five settings Ican conveniently survey the whole circumference of 
the Sun. Another addition which however is somewhat more serious is the ap- 
plication to the main telescope tube of one of Thorp’s rotators by means of 
which the entire solar image can be rotated onits axis by the action of a tangent 
screw. Theeye and eyepiece remain stationary and it is really curious to thus 
see the Sun turning like a wheel on its own hub. I do not think the advantage 
of this apparatus (for small telescopes only) is sufficiently appreciated by promi- 
nence observers. 

An incidental advantage of the diagonal prism at the eyepiece is that the 
right and left hand reversal (by the reflection from the grating) is corrected and 
a prominence is seen as though observing with a direct vision spectroscope. The 
sketching of prominences with due reference to proper orientation is thereby 
facilitated. Yours truly, 

E. T. WHITELOW, F. R. A. S. 

70 Deansgate, Manchester, England, 

April 19, ’04. 


New Bruce Telescope at Yerkes Observatory.—yYerkes Observa- 
tory has received its new Bruce telescope and our readers will be interested in a 
brief description of the instrument which came to us from one of the observatory 
staff: ‘It isa splendid piece of work—as all of Warner and Swasey’s is. It is 
a triple mounted tube, a 10-inch doublet, 50 inches focus, by Brashear. A 64- 
inch Voightlander doublet of 31 inches focus, and a 5-inch guiding telescope, 
object glass by Brashear. 

The mounting is somewhat similar to that of the Potsdam telescope, but a 


great improvement on that mounting. The pier is bent to form the polar axis, 
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so that the system cf the telescope can swing free when™crossing the meridian in 
any declination, so that a continuous exposure can be made from horizon to ho- 
rizon in any part of the sky. 


The telescope is placed in a small but handsome abservatory made especially 
fort.” 


PUBLISHER’S NOTICES. 


Contributors 


are asked to prepare copy caretully, and write all proper 
names very plainly. 


If other language than the English is rsed to any consider- 
able extent it should be type-written. Manuscript to be r_turned should be ac- 
companied by postage for that purpose. 

All Drawings for publication should be done in India ink, twice the size 
that the cut will be on the printed page. The lines, figures and letters should be 
made even, very smooth and uniformly black in every part of the copy, in order 
to secure the best reproductions possible by the modern quick processes of en- 
graving now most generally used. 

Proofs will generally be sent to authors living in the United States, if copy 
is furnished before the tenth of the month preceding that of publication. We 
greatly prefer that authors should read their own proofs, and we will faithfully 
see that all corrections are made in the final proofs. 

Renewals.—Notices of expiration of subscription will hereafter be sent with 
the last number of this publication for which payment has been made. It is 
especially requested that subscribers will send renewal, or order for renewal 
promptly as this publication will not be continued beyond the time for which it 
has been ordered. 

Astronomical News.—It is very much desired onthe part of the manage- 
ment, that brief news paragraphs of astronomical work in all the leading obser- 
vatories of the United States be furnished to this publication, as regularly and as 
otten as possible. 

The work of amateur astronomers, and the mention of ‘‘personals’’ concern- 
ing prominent astronomers will be welcome at any time. 

The building and equipping of new observatories, the manufacture, sale or 
purchase of new astronomical instruments, with special reference to improve- 
ments and new designs, and the results of new methods of work in popular 
language, will be deemed very important matter and will receive prompt atten- 
tion. Appropriate blanks have been prepared and will be sent out generally to 
secure this important information. It is greatly desired that all persons inter- 
ested bear us in mind and promptly respond to these requests. 

Messrs. Wm. Wesley & Son, 28 Essex Street, Strand, London, England, 
are our sole European agents 

Reprints of articles for authors, when desired, will be furnished in titled 
paper covers at small cost. Persons wanting reprints should order them when 
the manuscript is sent to the publisher. They cannot be furnished later with- 
out incurring much greater expense. 

Subscription Price to Popular Astronomy in the United States, Can- 
ada and Mexico is $2.50 per volume of 10 consecutive numbers. Price per vol- 
ume of 10 numbers to foreign subscribers $3.00. 

All correspondence and all remittances should be sent to 
Wma. W. Payne, 
Northfield, Minn., U.S A. 
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Miss Sarah F. Whiting, for many years Professor of Physics and Phy- 
sical Astronomy in Wellesley College, has just been made Director of the Whitin 
Observatory there, the administration of the affairs of the observatory being 
added to her duties as professor. Miss Ellen Hayes, Professor of Applied Mathe- 
matics in the same college, has been made Professor of Astronomy and Applied 
Mathematics. She is associated with Professor Whiting in the practical work 
carried on in the observatory. 


The Spectroscope for Small Telescopes. 
THE Epirors OF PoPULAR ASTRONOMY: 

May I add a note to the description of a spectroscope for small telescopes in 
your April issue? 

I have asomewhat similar instrument made by Mr. Brashear which I pur- 
chased from an advertlser in your journal. I however have made the following 
alterations to it which considerably add to the comfort and pleasure of using it 
for solar prominence observation. First with a plain eyepiece in the collimator 
such an instrument brings the head of the observer into most uncomfortable po- 
sitions when observing certain parts of the Sun with a tangential slit. The first 
alteration I had made was to insert a total reflection prism to the sliding part of 
the collimator tube with an adapter to take the eyepiece. In my case this neces- 
sitated the substitution of a somewhat longer focussed object glass for that 
originally in the telescope of the spectroscope. Next for the straight slit I had 
substituted a curved slit the radius of which corresponds to the maximum size 
of the Sun’s image of my 3-inch refractor. The arc of this curve is about 120°. 
With four or five settings Ican conveniently survey the whole circumference of 
the Sun. Another addition which however is somewhat more serious is the ap- 
plication to the main telescope tube of one of Thorp’s rotators by means of 
which the entire solar image can be rotated onits axis by the action of a tangent 
screw. Theeye and eyepiece remain stationary and it is really curious to thus 
see the Sun turning like a wheel on its own hub. I do not think the advantage 
of this apparatus (for small telescopes only) is sufficiently appreciated by promi- 
nence observers. 

An incidental advantage of the diagonal prism at the eyepiece is that the 
right and left hand reversal (by the reflection from the grating) is corrected and 
a prominence is seen as though observing with a direct vision spectroscope. The 
sketching of prominences with due reference to proper orientation is thereby 
facilitated. Yours truly. 

E. T. WHITELOW, F. R. A. S. 

70 Deansgate, Manchester, England, 

April 19, ’04. 


New Bruce Telescope at Yerkes Observatory.—Yerkes Observa- 
tory has received its new Bruce telescope and our readers will be interested in a 
brief description of the instrument which came to us from one of the observatory 
staff: “Itisa splendid piece of work—as all of Warner and Swasey’s is. It is 
a triple mounted tube, a 10-inch doublet, 50 inches focus, by Brashear. A 64- 
inch Voightlander doublet of 31 inches focus, and a 5-inch guiding telescope, 
object glass by Brashear. 


The mounting is somewhat similar t 


that of the Potsdam telescope, but a 
great improvement on that mounting. The pier is bent to form the polar axis, 
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so that the system cf the telescope can swing free when “crossing the meridian in 
any declination, so that a continuous exposure can be made from horizon to ho- 
rizon in any part of the sky. 

The telescope is placed in a small but handsome observatory made especially 
for st.” 


PUBLISHER'S NOTICES. 


Contributors are asked to prepare copy caretully, and write all proper 


names very plainly. If other language than the English is rsed to any consider- 
able extent it should be type-written. Manuscript to be r_turned should be ac- 
companied by postage for that purpose. 

All Drawings for publication should be done in India ink, twice the size 
that the cut will be on the printed page. The lines, figures and letters should be 
made even, very smooth and uniformly black in every part of the copy, in order 
to secure the best reproductions possible by the modern quick processes of en- 
graving now most generally used. 

Proofs will generally be sent to authors living in the United States, if copy 
is furnished before the tenth of the month preceding that of publication. We 
greatly prefer that authors should read their own proofs, and we will faithfully 
see that all corrections are made in the final proofs. 

Renewals.—Notices of expiration of subscription will hereafter be sent with 
the last number of this publication for which payment has been made. It is 
especially requested that subscribers will send renewal, or order for renewal 
promptly as this publication will not be continued beyond the time for which it 
has been ordered. 

Astronomical News.—It is very much desired onthe part of the manage- 
ment, that brief news paragraphs of astronomical work in all the leading obser- 
vatories of the United States be furnished to this publication, as regularly and as 
otten as possible. 

The work of amateur astronomers, and the mention of ‘‘personals” concern- 
ing prominent astronomers will be welcome at any time. 

The building and equipping of new observatories, the manufacture, sale or 
purchase of new astronomical instruments, with special reference to improve- 
ments and new designs, and the results of new methods of work in popular 
language, will be deemed very important matter and will receive prompt atten- 
tion. Appropriate blanks have been prepared and will be sent out generally to 
secure this important information. It is greatly desired that all persons inter- 
ested bear us in mind and promptly respond to these requests. 

Messrs. Wm. Wesley & Son, 28 Essex Street, Strand, London, England, 
are our sole European agents. 

Reprints of articles for authors, when desired, will be furnished in titled 
paper covers at small cost. Persons wanting reprints should order them when 
the manuscript is sent to the publisher. They cannot be furnished later with- 
out incurring much greater expense. 

Subscription Price to Popular Astronomy in the United States, Can- 
ada and Mexico is $2.50 per volume of 10 consecutive numbers. Price per vol- 
ume of 10 numbers to foreign subscribers $3.00. 

All correspondence and all remittances should be sent to 

Wm. W. Payne, 
Northfield, Minn., U.S A. 








